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(From the Laboratory of Microbiology, Technical University, Delft). 


THREE DECADES PROGRESS IN MICROBIOLOGY?) 


by 


A. J. KLUYVER 


Lecture held on May 8th 1946 for ,,Danmarks Naturvidenskabelige 
Samfund’’ and the ,,Biologisk Selskab’’ after the ,,.Emm. Cur. HANSEN 
Medal’”’ had been conferred on him, 


(Received March 15, 1947). 


It is only appropriate that our first thoughts this afternoon go 
out to that pioneer in the field of microbiology whose birthday, now 
104 years ago, we commemorate today. In these surroundings it 
may be deemed superfluous to pause upon the many important 
contributions Emir Cur. HANSEN has made to pure and applied 
microbiology during his well-used life-time. There is, however, 
every reason for the lecturer to acknowledge his great debt of 
gratitude towards the man who in his last will took measures to 
promote even after his death the development of his beloved science 
for long times to come. In saying this I do not wish to suggest that 
the superficial considerations which I have the honour to present 
before you this afternoon will influence in the least the growth of 
microbiology. But I want to give expression to my conviction that 
owing to the contact with so many distinguished representatives of 
Danish science I shall be on my returning home, if not a better 
man, at least a better scientist. And it is also at this international 
diffusion of knowledge that HANSEN must have aimed, when he 
decided to call into existence the ,,Fond’’ which bears his name. 

Having gone back in our minds to the year 19C9, incidentally the 
year in which my own initiation in the world of microbes took place, 
it is tempting to take a retrospective view of the development of 
microbiology as a science, and to compare the present situation 
with the stage reached about thirty years ago. Such a survey can, 
of course, not aim at completeness, and I shall have to confine 
myself to a passing into review some of the major trends of 
investigation which on looking backward come to the fore. In doing 
so I hope to bring into relief the considerable progress made in three 
decades of almost restless research, a progress which is characterized 
by an ever-increasing recognition of the unity that is at the basis 
of the at first sight so bewildering diversity in the various mani- 
festations of microbe life. 


1) At the special request of the Editors prof. KLuyvER consented to the 
reprint of his lecture. 
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Let us now first dwell for a moment on the stage of development 
microbiology had reached in the period immediately after HANSEN'S 
decease. ; : : 

Seen from the distance of to-day it is clear that microbiological 
science passed through a phase of transition then. The glorious 
period of exploration of the microbe world had practically come to 
an end. The preceding quarter of a century had witnessed an almost 
endless series of triumphs in the discovery and isolation of numerous 
microbial species. In the hands of masters like WINOGRADSKY and 
BEIJERINCK the principle of the elective culture had opened the 
world of invisible life. Owing to the so pronounced diversity in 
nutritional requirements of the various types of micro-organisms it 
proved possible to bring about accumulations of many diverse 
microbes, thus facilitating their isolation and a first investigation 
of their properties. By these studies a clear light was thrown 9n the 
almost ubiquitous occurrence of numerous microbes on earth. But 
still more impressive was the manifestation of the extreme diversity 
of chemical systems which proved to be able to support microbial 
life. I have only to remind you of WINOGRADSKY’s great discovery 
of the so-called autotrophic bacteria characterized by their ability 
to proliferate in fully inorganic media in the absence of radiant 
energy. Other forms of life again were found which satisfied their 
nutritional demands with single organic compounds either considered 
to be almost chemically inert hke the paraffin hydroearbons, or even 

_ known to be harmful for the greater part of microbes like phenols. 
In short it can be said that one specialist amongst the microbes was 
hardly discovered, or already a second specialist with still greater 
achievements was being announced. The microbiological scenery 
seemed to be one grand scientific ,, Tivoli’. 

However, zround 1910 the activity in this direction had obviously 
slackened: the great explorers of the microbe world had done their 
job efficiently. One would go too far by stating that since then 
no new species have been discovered. But how poor has the harvest 

been in later: years when compared with that in the earlier period. 
And this notwithstanding the enormous increase in the number 
of ,,microbe-hunters’’ during the last three decades. Is it not 
characteristic that the almost incredible extension of the study of 
bacteriology in the ,,New World” since the first world war has not 
at all led to the discovery of a ,,new microbe world’’? It is true that 
the number of micra-organisms annually described as new species 
is still alarmingly large. But how many of these species can rightly 
be claimed as such, and if so cannot they nearly always be connected 
with other well-known forms, from which they only differ in second- 
ary characters? 


It will be clear that the conclusion.of the exploration period in 
microbiology did not put an end to the growth of this science. It 
only meant that new trends of investigation manifested themselves. . 
all tending to consolidate the occupied territory by gaining a deeper 
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insight into the properties of the newly discovered world. Evidently 
a first necessity hereto was to replace the chaotical conglomerate 
of known living forms by a more or less systematic arrangement. In 
first instance this asked for a recognition and evaluation of natural 
relationships between the various forms, and the demarcation of 
natural groups as building stones for a satisfactory classification. 

If for a moment we restrict ourselves to the bacteria, we have 
to acknowledge that the older workers too had already made several 
efforts to arrive at some system of classification. But these systems 
all had the limitation that they were based solely on the scanty 
morphological data derived from the microscopical examination of 
the organisms in question. 

It is now the great merit of the nestor of Danish bacteriologists, 
ORLA-JENSEN, to have introduced a new era in the study of bac- 
teriological classification. In several papers JENSEN has made an 
eloquent and broadly documented plea that physiological characters 
should determine the main lines of a bacterial system. In their 
entirety JENSEN’Ss views have not been accepted, and yet they mark 
a milestone in the development of bacterial taxonomy. For they 
have opened the eyes of generations of bacteriologists to the truth 
that, given the enormous diversity of metabolic properties amongst 
bacteria which contrasts so sharply with the relatively great 
uniformity characteristic of the metabolism of higher plants and 
animals, it is not only permissible, but even imperative also to take 
the physiological properties into account in the ordering of the 
bacterial kingdom. For those bacteriologists who have not yet been 
reconciled with this idea it may be remarked that nowadays there 
is increasing evidence that differences in catabolic properties of 
bacterial cells can be considered as expressions of variations in 
submicroscopical morphology. Anyhow, there is no doubt that 
ORLA-JENSEN’s views have greatly influenced the numerous 
proposals for bacterial classification put forward after 191(. It is 
true that we still are far from ani in all respects satisfactory system, 
nor can we hope that such an aim will ever be attained. But never- 
theless, it can be stated that the phylogenetic approach to the 
solution of this problem which STANIER and VAN NIEL have brought 
in their recent study, has thrown a clear light on the interrelation- 
ships of the main bacterial groups, and their place in the natural 
kingdom. And it seems likely that a future more detailed system 
will be based on the same judicious balance in the evaluation of 
both morphological and physiological properties which is charac- 
teristic of the study of the American authors. 

A second feature of the tendency to bring order into the world 
of microbes has been the foundation of several institutions where 
collections of living micro-organisms have been brought together 
and are maintained. As such mention may be made of the ,,Centraal- 
bureau” for cultures of fungi, including yeasts, founded already in 
1906 in my own country, the National Collection of Type Cultures 
established at the Lister Institute in London, the American Type 
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Culture Collection formerly in Chicago, now in Washington, and the 
new, economically very important collections of moulds and yeasts 
established in the Northern Regional Research Laboratory at 
Peoria (Ill.). Moreover, several scientists who have been specializing 
on certain groups have maintained private collections, and it 
should be mentioned here that investigators in demand of cultures 
of lactic acid bacteria will seldom have appealed in vain to ORLA- 
JENSEN’s generous cooperation. 

It seems certain that collections like those mentioned serve 
several useful purposes. In the first place they promote the dis- 
semination of knowledge by providing scientists all over the world 
with authentic cultures of organisms discovered or described by 
their colleagues elsewhere. Secondly these institutions often develop 
into centres where special groups of organisms are more or less 
exhaustively studied from both a systematic and a physiological 
standpoint. This not rarely leads to the publication of monographs 
dealing with such groups, of which I need only mention ORLA- 
JENSEN’s two volumes dealing with ,,The Lactic Acid Bacteria”’ 
in order to impress the importance of such studies upon you. 


Looking back once more into the post-explorative era of micro- 
biology other trends of investigation besides that of ordering and 
classification are easily discerned. 

In the foregoing I have already emphasized: the diversity in 
metabolism characteristic for the various types of micro-organisms, 
and it is only self-evident that the often quite amazing chemical 
activities of many microbes has led to attempts to penetrate deeper 
into the secrets of their metabolism. In order to give you some idea 
of the achievements attained along this line during the last three 
decades I should remind you that in metabolism two counterparts 
can and should be distinguished, viz., anabolism and catabolism. 
The term anabolism comprises the processes leading to the building 
up of cell constituents, while we designate with catabolism those 
processes which are only of significance to the cell from the stand- 
point of energy supply. 

As for the catabolic processes in higher organisms, plants as well 
as animals, it has been known since LAVoISIER’s fundamental 
observations that they have to be considered as a slow combustion 
process of the carbohydrate constituents of the food, and that, 
therefore, they are characterized by a consumption of oxygen and 
a simultaneous production of an equivalent amount of carbon 
dioxide. This so-called respiration process has consequently long 
been considered to be an essential attribute of life. j 

Already a first survey of microbial life did bring to light that 
herein this uniformity in catabolism so characteristic of the higher 
forms of life is absent. In the first place it soon became evident 
that, although the proliferation of many microbes is indeed de- 
pendent on the availability of free oxygen, the respiration processes 
differed widely in the nature of the compounds acceptable: as 


Three decades progress in Microbiology. 5 


substrates for the oxidation process. Moreover, with many types 
of microbes this process did not yield the final oxidation products 
carbon dioxide and water, but led to the excretion of incomplete 
oxidation products in the medium. 

Even more startling was the observation made by PAsTEUR 
already in 18€0 that there were several microbes which not only 
could thrive in the absence of oxygen, but for which this gas even 
was decisively harmful. It did, however, not escape PASTEUR’S 
attention that this unexpected observation correlated with the 
occurrence of other chemical conversions known from time imme- 
morial as fermentation (or putrefaction), and his genius made him 
at once conclude to the physiological equivalence of respiration and 
fermentation. 

Now it gradually became evident that the fermentation processes 
brought about by various types of micro-organisms mutually show 
great differences. Although they may attack the same substrate, 
the products of the conversion often differ considerably. While in 
the best-known fermentation process, the conversion of sugar into 
carbon dioxide and ethyl alcohol, the products are stoechiometri- 
cally related both mutually and to the sugar fermented, in many 
other cases in which numerous fermentation products are formed 
such relations do-not exist. Moreover, the quantities in which these 
products are formed may vary largely owing to differences in the 
external conditions to which the fermenting organism is exposed. 

Altogether, a quarter of: a century ago the biochemistry of 
catabolic processes in the microbe world showed such an extreme 
diversity that at that time one might well despair of any attempt 
to elucidate this superchemistry. 

It is undoubtedly one of the greatest results of three decades of 
microbiological investigation that nowadays this aspect has so 
fundamentally changed. If we try to survey the causes which have 
led to this revolution it is at once clear that we owe this progress 
mainly to the splendid investigations of both MEYERHOF and 
WarBurG and their co-workers. Concentrating their efforts on an 
analysis of the processes of alcoholic fermentation and glycolysis, 
and building on the work of pioneers like HARDEN and NEUBERG, 
they have been able to give us a clear insight into these processes. 

Stimulated by these so successful investigations other types of 
fermentations have likewise been more or less intensively studied 
in several other laboratories. The chief result of all this has been 
that the so amazing diversity of the various fermentation processes 
has given way to a quite unexpected unity in principle. _ 

The main points of the insight gained can be summarized as 
follows. : star 

All these fermentation processes consist of a series of individual 
step-reactions, each of which constitutes a chemically intelligible, 
and extremely simple type of reaction, the greater part of these 
step-reactions being typical equilibrium reactions. Moreover they 
show great uniformity in so far that many of them can be charac- 
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terized as reactions in which hydrogen atoms (or electrons) are 
transferred from one constituent to another. 

Another feature of our present insight into the fermentation 
processes is, however, the important role which phosphoric esters 
play therein. Not only must we accept that the first conversion of 
the carbohydrate to be fermented is the formation of a hexose- 
phosphoric acid, but it has also become increasingly clear that a 
transference of the phosphate group from one intermediate product 
to a second one, ultimately leading to a closed phosphate cycle, is 
an essential counterpart of the hydrogen transference just 
mentioned. The more so, because at least in several cases a direct 
linkage between the two types of processes has been proved to 
exist. 

Especially gratifying is the result that in all these fermentation 
processes the first steps of the breakdown of the carbohydrate have 
been proved to be the same, and that only in the final stages of 
this breakdown process specific step-reactions take place which are 
responsible for the differences in the final fermentation products. 

Still more important is that these attempts to arrive at an 
unification of microbial catabolism have not remained restricted to 
the typical cases of sugar fermentation. In this connectidn I mention 
only that also for the long known bacterial processes of denitri- 
fication, sulphate reduction and methane fermentation it has been 
shown that they represent typical cases of catalytic hydrogen 
transference in which respectively nitrates, sulphates and carbonates 
act as hydrogen acceptors. 

The greatest triumph of this analysis of microbial catabolism is, 
however, that it has proved possible to extend these unifying 
efforts also to the various types of respiration processes encountered 
in the microbe world. Numerous investigations initiated by 
WIELAND’s classical observations leave no doubt that these process- 
es too consist of a series of step-reactions of the hydrogen or electron 
transference type, the free oxygen acting as the final hydrogen 
acceptor. This, of course, is a result with wide implications. For it 
means that at the bottom of the physiological equivalence of 
respiration and fermentation as advocated by PASTEUR there is a 
conformity in essence which is highly edifying to the scientific 
mind. It is clear that hereby new perspectives have been opened 
for a satisfactory understanding of the interrelation between fer- 
mentation and respiration in one and the same type of cell as 
manifested in the so-called reaction of PASTEUR. But the unification 
in question also opens the way for a better appreciation of evolu- 
tionary developments which have taken place in the microbe 
world, since the antithesis between the aerobic and anaerobic mode 
of life has been largely removed. 

_ The question now arises in how far three decades of biochemical 
investigations which have added so much to our insight into 
microbial catabolism have also succeeded in elucidating the anabolic 
counterpart of metabolism. Even a superficial survey of anabolism 
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suffices to recognize that the task of the biochemist in this respect 
is tremendous. The building up of the thousands of chemically 
widely differing cell constituents starting from the compounds of 
the food is especially in the microbe world an extremely impressive 
problem, for numerous are the instances in which microbes are 
performing this miracle in media in which the number of the organic 
constituents is restricted to one or two. This obviously means that 
proliferation of a micro-organism in such a medium involves a 
super-chemistry far beyond the imagination of the boldest and 
cleverest of our organic chemists. 

Nevertheless we may state that in this domain too real progress 
has been made in the period under consideration. Much of this 
progress is closely linked up with the advances made regarding our 
knowledge of catabolic processes. This becomes at once clear when 
we first consider what may be called the main aspect of anabolism. 

Thirty years ago the view was generally held that in anabolism 
we are dealing with a very special type of chemistry. For it is of 
common experience that in these anabolic processes often com- 
pounds are formed with an energy content which greatly surpasses 
that of the substrate of the synthesis. I need only remind you of 
the formation of fat by cells which develop in a medium with 
sugars as a sole source of carbon. Hence it was concluded that in 
anabolic processes we were dealing with reactions of a very special 
kind unknown in ordinary chemistry, so-called involuntary reactions, 
in which the free energy of the system increases. This was deemed 
possible because these reactions acquire energy from the simul- 
taneously occurring catabolic processes in which the free energy 
decreases, and this to such an extent that the free energy of the 
complex system as a whole decreases as well. 

It is easily understood that gradually much opposition has 
developed against this conception of an energetic coupling of two 
chemical reactions which do not have any material link in common. 
It is, therefore, most rejoicing that in the last ten years consider- 
ations have been put forward which seem suitable to free biochemis- 
try from this special vitalistic aspect. 

I have already remarked that the greater part of the step- 
reactions in the catabolic breakdown of carbohydrates are of the 
equilibrium type. This implies that the addition of many of the 
intermediate products to the cell must automatically lead to a 
partial reversal of the breakdown process, 7.e. to the synthesis of 
the carbohydrate. The realisation of this situation made CorI 
succeed in the long-pursued enzymatic synthesis of glycogen and 
starch starting from glucose-l-phosphate or Cort-ester. Perhaps 
still more spectacular has been the successful solution found by 
Doupororr and his co-workers for the problem of the synthesis 
of saccharose, a problem which generations of organic chemists 
have been unable to solve. With the aid of a phosphorylase pre- 
paration obtained from some common bacterium saccharose was 
readily produced from a mixture of Cort-ester and fructose. 
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Now these examples of the successful demonstration of the 
formation of typical assimilatory products like glycogen and 
saccharose may perhaps not be so very impressive, because of the 
relative complexity of the substrate — Cori-ester — from which 
these syntheses start. But there is no doubt that by applying the 
necessary biocatalysts they could as successfully be accomplished 
when starting with various much simpler compounds, such as for 
- instance phosphopyruvate. 

Since, however, in these cases the potentials of substrates and 
synthetical products are very much on the same level they do not 
represent clear cases of energy transfer necessary for the formation 
of anabolic products of high potential as referred to earlier. 

Now it is very satisfactory that also in the elucidation of the 
mechanism of such anabolic reactions important advanees have 
been made. These advances are for a great deal due to three scien- 
tists well-known in Copenhagen so that it will suffice to give only 
a very brief review of their findings. The development of our 
insight into this matter has started with LuNDsGAARD’s discovery 
of the anaerobic phosphocreatine breakdown during alactacid 
muscle contraction, and the coupling of the resynthesis of this 
compound with lactic acid formation in glycolysis. A second well- 
defined instance of the coupling of an oxidation with phosphate 
uptake was discovered by MEYERHOF and his co-workers in the 
oxidation of phosphotriose as a step-reaction in carbohydrate 
breakdown. They showed that this oxidation led to the formation 
of phosphoglycerylphosphate (diphosphoglyceric acid). The im- 
portant aspect of this observation is that this oxidation is reversible 
while the analogous oxidation of the phosphotriose without phos- 
phate is strongly exergonic. We may conclude, therefore, that the 
diphosphoglyceric acid, owing to the energy-rich acylphosphate 
bond acts as a storage for the potential energy of the oxidation 
reaction. Both LIpMANN and KALcKAR have in recent years dis- 
covered several other labile compounds with such energy-rich 
phosphate bonds, and have dealt in theoretically very important 
studies with their remarkable properties. There seems to be little 
doubt that these highly reactive compounds with high energy 
potential which are formed in catabolic processes act as a starting 
point for synthetical processes which then again consist of chains 
of ordinary step-reactions, 1.e. reactions which proceed with a 
decrease of free energy. 

A striking example in favour of this view may not pass un- 
mentioned. I have already referred to the remarkable metabolism 
of the so-called chemo-autotrophic bacteria who are able to build 
up their cell constituents from carbon dioxide owing to the energy 
derived from inorganic oxidation processes. Until shortly the nature 
of this energy transfer was still wholly obscure. VOGLER, UMBREIT 
and LE PaGE have now given convincing proof that for the sulphur 
oxidizing bacterium Thiobacillus thiooxidans the formation of 
organic phosphate compounds provides a material link between 
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catabolism and anabolism. The first advance made by these investi- 
gators was the demonstration of the possibility to separate both 
processes in time. A suspension of the bacteria supplied with a 
small quantity of sulphur in the absence of carbon dioxide was 
found to consume oxygen rapidly, and if then after some time 
carbon dioxide was admitted a rapid uptake of this gas was ob- 
served. But the most remarkable fact was that the oxidation of 
the sulphur proved to be accompanied by the uptake of inorganic 
phosphate from the medium, whilst in the phase of carbon dioxide 
assimilation the phosphate was again released. Finally it could be 
shown that the cells contained several organic phosphate compounds 
well-known as metabolites in heterotrophic organisms. The inter- 
mediate organic phosphate compound which evidently acts as a 
material link between the energy yielding oxidation and the energy 
demanding synthesis is to all probability adenosine-3-triphosphate 
a compound closely related to adenosine-5-triphosphate a regularly 
occurring intermediate in yeast and muscle metabolism, and which 
is one of the best-known examples of a compound with an energy-rich 
phosphate bond. 

Here again we are confronted with a most remarkable unity in 
metabolism of micro-organisms at first sight so widely separated. 
It is clear that these important results mean a very real contribution 
to the removal of the contrast between the autotrophic and the 
heterotrophic mode of life. 

It is impossible to discuss thirty years development of our 
knowledge of microbiological metabolism without giving some 
special attention to the change in our attitude towards the role of 
carbon dioxide in this metabolism. We can state that until ten 
years ago the current views were fully governed by the classical 
picture of the cycle of carbon in nature. According to this picture 
carbon dioxide had to be considered as the endproduct of respiration 
in living animals and plants and of their decay after death under 
the influence of bacteria and fungi. The carbon dioxide once formed 
was unassailable by all heterotrophic organisms, and only entered 
into the second half of the cycle owing to the special action of the 
green plants in which the radiant energy of the sun managed to 
bring about the reduction ultimately leading to the formation of 
the various organic constituents of the plant. 

Now I shall not enter into details regarding the various obser- 
vations which are responsible for a considerable change of these 
views. To begin with I briefly refer to the fact that the discovery 
of the chemo-autotrophic bacteria already made exception to the 
rule that the conversion of carbon dioxide to organic compounds 
could only proceed with the aid of light energy. But besides this 
exception of a special nature gradually several indications were 
obtained which seemed to contradict the idea that in the colourless 
heterotrophic organisms carbon dioxide is only an indifferent 
endproduct of metabolism. A fast increasing number of instances 
were recorded all pointing to the fact that small amounts of carbon 
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dioxide are indispensable to the initiation of growth of a great 
variety of heterotrophic micro-organisms, and that growth may be 
either completely suppressed or at any rate considerably retarded 
by a more or less successful removal of carbon dioxide from the 
culture. This seemed to indicate that the micro-organisms In ques- 
tion in some way or other managed to utilize carbon dioxide for 
the synthesis of essential cell constituents. 

However, apart from the disregarded observation made by 
SOHNGEN already in 1905 that methane bacteria are able to convert 
a mixture of carbon dioxide and hydrogen into methane, it lasted 
till 1936 before experimental proof for the utilization of carbon 
dioxide in special cases of heterotrophic metabolism was given. In 
that year Woops showed that Bacterium colt was able to produce 
formic acid out of carbon dioxide and hydrogen, whilst BARKER 
succeeded in bringing convincing proof that also in the fermentation 
of organic compounds by methane bacteria the methane always 
originated from a reduction of carbon dioxide. Now these con- 
versions of carbon dioxide into other compounds with one C-atom 
were undoubtedly interesting but they did not throw any light on 
the problem of the indispensability of carbon dioxide for cell 
synthesis and growth. For this reason it was of great importance 
that Woop and WERKMAN, also in 1936, showed that in the fermen- 
tation of glycerol the strictly heterotrophic propionic acid bacteria 
take up carbon dioxide from the medium, and that for every mole 
of carbon dioxide reduced approximately equivalent quantities of 
succinic acid with its 4 carbon atoms are formed. This result may 
be deemed to be of far-reaching significance, since it strongly 
suggests that here synthesis of a C,-compound out of a C;-compound 
and carbon dioxide has taken place, which would imply the for- 
mation of a new bond between carbon atoms. It is easily understood 
that this experimental result together with the increasing evidence 
for the indispensability of carbon dioxide for heterotrophic organ- 
isms in general made several investigators surmise that the uptake 
of carbon dioxide into organic compounds under formation of new 
carbon-carbon bonds would be a reaction of more or less common 
occurrence in heterotrophic cells. 

In 1939, when lecturing on this subject in Helsinki I have ex- 
pressed this view with the following words: ,,At present a lecturer 
still must be prepared to meet with energetic protests when he 
contends that the cattle at pasture, or even his distinguished 
audience assimilates carbon dioxide. Nevertheless, the temptation 
to such an assertion is already there!’’ Now seven years later the 
statement in question is no longer open to scepticism, and many 
of my auditors will think it to be quite commonplace: the synthetic 
utilisation of carbon dioxide by heterotrophic cells has been in- 
dubitably proved for representatives of very much diverging 
classes of organisms, such as bacteria, yeasts, fungi, protozoa and 
higher animals. 


One might rightly ask for the reasons which are responsible for 
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the fact that such a far-reaching discovery which amongst others 
noticeably affects our views on the carbon cycle in nature has been 
made so late in the development of our science. Yet this is easily 
understood, if one realizes that in all these organisms metabolism 
is characterized by 2 net production of carbon dioxide 
thus rendering it virtually impossible to detect any simultaneous 
reassimilation of carbon dioxide with the usual chemical or mano- 
metrical techniques. It is only the application of a new and powerful 
tool to the problem, namely the use of ,,tracer’ or ,,labelled” 
elements which has made this progress possible. 

On the principle of this method which even in the short time of 
its application has revolutionized several aspects of metabolism I 
need not digress, since it is again in Copenhagen that it was first 
introduced into biochemistry by von HEvEsy. The remarkable 
results obtained by this scientist and his followers on introducing 
compounds containing radioactive phosphorus into metabolic 
investigation are universally known. But the importance of these 
studies have perhaps even been surpassed when SCHOENHEIMER and 
RITTENBERG applied the same principle in their researches on 
nitrogen metabolism by making use of nitrogen compounds con- 
taining the stable heavy N1 isotope. It now has been the application 
of radioactive C™ carbon by RUBEN, KAMEN and their co-workers, 
and of the stable heavy C18 isotope by Woop, WERKMAN and 
collaborators that has yielded the incontestable proof for the 
assimilation of carbon dioxide by heterotrophic cells. 

However, it should not be inferred that the purport of the recent 
investigations with the carbon isotopes is restricted to the mere 
establishment of this carbon dioxide assimilation. 

In the first place it has been possible to identify in some 
instances the primary reactions in which the carbon dioxide is 
fixed. Thanks to the use of the labelled carbon there is nowadays 
no longer any doubt that Bacterium colt contains enzyme-systems 
capable of bringing about the carboxylation of pyruvic acid leading 
to the formation of oxalacetic acid which acid then is converted 
into succinic, lactic and acetic acids. It was further proved that in 
accordance with expectation in all these products the labelled 
carbon was located in the carboxyl group. But more recent studies 
by LipMANN and WERKMAN have shown that carboxylation of 
pyruvic acid is not the only way in which Bacterium colt can fix 
carbon dioxide. The second way is especially interesting because it 
clearly represents another successful intervention of a compound 
with an energy-rich phosphate bond. We owe to LipMANN the im- 
portant observation that the conversion of pyruvic acid by bacterial 
systems into acetic and formic acid is not, as had long been accepted, 
a reaction in which water takes part, but a phosphorolysis, in so 
far that the primary product besides the formic acid is not acetic 
acid but acetylphosphate. By adding formic acid with labelled 
carbon to the medium it has been definitely proved that owing 
to the high potential of the acetylphosphate this primary reaction 
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is reversible, and since Bacterium coli is also able to form formic 
acid out of carbon dioxide and hydrogen it is now quite certain 
that carbon dioxide can also enter the metabolism via a synthesis 
of pyruvic acid. — 

I cannot dismiss the subject of heterotrophic carbon dioxide 
assimilation without leaving for a moment the microbiological 
field, and asking your attention for analogous studies made in 
animal metabolism. Here in some cases it has been possible to 
trace the path which the labelled carbon follows in the intricate 
web of metabolic processes. Amongst others this has led to the 
startling observation that part of the labelled carbon injected 
intraperitoncally in the form of a sodium bicarbonate solution into 
fasted rats can within a short time at least partly be found back 
in the liver glycogen. And Woop and his coworkers have even 
succeeded in bringing experimental proof that this labelled carbon 
is located in the positions 3 and 4 of the glucose molecules which 
are the building stones of the glycogen. This result is so gratifying 
because it is exactly what might be expected on the basis of the 
current reaction schemes in the supposition that glycogen synthesis 
proceeds as the reversal of glycolysis. 

Finally it should be observed that in the last three years the 
use of the Stable carbon isotope has found application far beyond 
the problem of carbon dioxide assimilation. WERKMAN has suc- 
ceeded in preparing various acids, such as acetic, lactic, propionic 
and kutyric acids, containing heavy carbon atoms either in the 
carboxyl groups, or also in other locations in the molecules. By 
adding such compounds to the usual fermentation media of various 
types of bacteria they have been able to trace conversions of these 
molecules which conversions had at least partly a quite unexpected 
character. j 

For the moment the number of these observations is still rela- 
tively small, but they suffice to show that until shortly the meta- 
bolic capacities of the microbial cell have been badly underrated. 
It now has become increasingly clear that in the metabolizing cell 
we are dealing with a system of equilibrium reactions in which a 
continuous interplay between cell constituents, intermediates and 
so-called endproducts takes place. 

This newly gained insight strongly contrasts with the current 
conception of the preceding period in which fermentation processes, 
and catabolism in general, were considered more or less as cascades 
unchained by a more or less stable system of catalysts, and in 
which a suitable substrate via labile intermediates was transformed 
into a number of stable endproducts fixed for every type of cell. 

It is evident that the introduction of isotopes has brought the 
study of intermediate metabolism on a level much higher than it 
had reached before. Vor it cannot be denied that until recently 
investigators could not go much farther than to demonstrate that 
a certain type of cell contained enzyme systems which are capable 
of bringing about some intermediate step-reaction. But this did 
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not imply that under a given set of metabolic conditions this 
particular stepreaction does indeed take place. As a matter of fact 
there have been moments that microbiologists have been struggling 
with a surplus of intermediate products! 

For these reasons it has to be admitted that the drawing up 
of a scheme for the internal mechanism of a biochemical pro- 
cess on the basis of intermediate products isolated under special 
conditions has always been afflicted with elements of a speculative 
character. 

If we contrast this situation with the degree of certainty ob- 
tainable by the application of labelled atoms which, if properly 
examined, give straightforward answers to many questions, it is 
not too dangerous to predict that in the future studies on the 
intermediate metabolism will almost completely be based on the 
use of isotopes. Moreover, it does not seem excluded at all that 
these studies will alter profoundly several of our current views. 

There are, however, some considerations which tend to moderate 
these hopeful expectations, and that is in the first place the at 
present still very restricted availability of many isotopes, more 
especially of the carbon isotopes. 

In order to apply the radioactive C11 carbon successfully it is 
necessary to work in the immediate neighbourhood of a powerful 
cyclotron, since the half life time of this isotope is only 21 minutes, 
restricting its applicability to experiments of a duration of about 
two hours. 

In this respect the stable C18 is, of course, quite preferable, but 
alas the isolation of this isotope obviously still asks for a very 
cumbersome procedure. This may be inferred from the fact that 
both WERKMAN and Woop and their schools have been supplied 
with C8 by the physicist of Minneapolis Professor NIER and that 
this scientist recently stated that he holds the world record for 
C8-production amounting to 5 grams annually! And when reading 
the hopeful statements in scientific journals that this year the Sun 
Oil Corporation of Philadelphia will start the commercial production 
of C!® it is not generally realized that the annual production by 
this firm is estimated to be 500 grams! With these facts before our 
eyes it will be wise to be not too optimistic regarding a world-wide 
application of carbon isotopes in a near future. 

In addition also the following should not be neglected. Publi- 
cations on metabolic studies with the aid of the stable carbon 
isotope are as a rule very attractive for the reader, the results 
reported usually being simple and clear-cut. There is, however, a 
great danger that one will be insufficiently impressed by the 
enormous amount of experimental work which has been required 
in order to obtain these results. In many cases it has been necessary 
to search a great number of compounds on a possible excess content 
of labelled carbon, with only a restricted number of positive results. 
Especially when an attempt is made to arrive at a complete balance 
of labelled carbon added and recovered many very careful analyses 
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with the mass-spectrometer are indispensable. And if finally it 
becomes necessary to fix the location of the heavy carbon atoms 
in the molecule of a metabolic product, various purely chemical 
degradation reactions of this product have to be studied before 
the mass-spectometer can again give the desired answer. To this 
should be added the necessity of carefully recovering in all this 
work the precious isotope! 

All this asks for a more or less specialized staff of workers and, 
therefore, tends to limit the immediate universal introduction of 
the isotope method in the study of metabolism. It is, therefore 
most welcome that in the last years in the United States quite 
another line of attack in the study of metabolic processes has been 
discovered which seems to be full of promise and to which I shall 
return later on. 


A survey of thirty years progress in microbiological metabolism 
would be very incomplete, if not due attention was given to the 
enormous amount of very successful work which has been performed 
on the subject of growth factors, leading to the discovery of the 
rather common occurrence amongst micro-organisms of a phe- 
nomenon that later has been termed auxo-heterotrophy by ScHop- 
FER. As is well-known the first observations regarding this phe- 
nomenon date back to 1¢02 when WILDIERS demonstrated that a 
certain strain of yeast would only proliferate in a medium containing 
sugar and the necessary quantities of inorganic nutrilites, if a small 
quantity of yeast extract or some other vegetable extract was 
added to the medium. For the growth-promoting principle present 
in these extracts WILDIERS coined the term bios. The development 
in this field is too generally known to be in need of further docu- 
mentation, yet it seems worth while to devote a few remarks to 
the general aspects which have resulted from these studies. 

In the first place it has been definitely proved that the various 
growth factors which have appeared to be essential — often in 
surprisingly small quantities — for the development of certain 
micro-organisms are nearly all known to act also as accessory food 
factors in animal metabolism. WILpIERs’ bios has been shown to 
be composed of various factors which could be identified as biotin, 
thiamine, pyridoxine, inositol, pantothenic acid, nicotinic acid and 
p-aminobenzoic acid, and for all these compounds it has now 
definitely been established that they are indispensable food con- 
stituents for special types of test animals, on the understanding 
that their absence in the food either inhibits growth or leads to 
certain other defects. 

A second important viewpoint is that already much light has 
been thrown on the way in which this mysterious growth factors 
exert their beneficial action on the cell, apparently many of them, 
if not all, are essential components of certain enzyme systems. So 
for instance thiamine has been found to be the active group of the 
cocarboxylase, the enzyme which decarboxylates pyruvic acid, 
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nicotinic acid is the active group of the dehydrogenase-system, 
riboflavin is part of one of the respiratory enzymes, and recently 
it has been proved that a pyridoxine derivative is the active prin- 
ciple in the decarboxylation of amino acids. 

An at first sight disturbing factor is that a phylogenetic study 
of the distribution of the property of auxo-heterotrophy has learnt 
that on the one hand next to species that are in need of growth 
factors there are closely related species which can do perfectly 
without, and that on the other hand the need for a special growth 
factor is met with in very divergent classes of plants and animals. 
However, it has been clearly shown that the independence of the 
so-called auxo-autotrophic organisms of the presence of growth 
factors in their food is not due to the fact that they can do without 
these factors, but that they are able to synthesize the compounds 
in question. This implies that the auxo-heterotrophic cells have 
obviously lost these synthetic capacities, and such a loss has appa- 
rently occurred at very different stages in the course of evolution. 

Following SCHOPFER who has made so many important contri- 
butions in this field, the situation may be sketched as follows. 

One gets the impression that at all levels of evolution one has 
to do with a living substance that is eSsentially the same. But 
during the trend of evolution this living substance ‘has started to 
lose its independence, the losses in synthetic ability increasing with 
increasing morphological complexity and increasing adaptation to 
a heterotrophic life. Yet the main lines of metabolism have been 
maintained, the ultimate requirements have remained unchanged. 
The differences between the various physiological groups of organ- 
isms are not to be found in differences in the fundamental con- 
stitution of their living substance, but just in the different ways 
in which the latter originates. Whether an organism itself synthe- 
sizes the active groups of its enzyme systems, or has to find these 
groups ready-made in its medium, is only of secondary impor 
tance: the final result being the same in both cases. 

We may conclude from all this that the study of microbial 
growth factors in close contact with that of vitamins have also 
led to an impressive manifestation of a fundamental unity of 
metabolism in the whole kingdom of life. 


On looking back on so many advances in our insight into the 
principles underlying microbial life one may ask whether future 
research will not necessarily be restricted to an extension and a 
consolidation of these findings. It may appear that prospects for 
further developments of a more essential character are far from 
bright. 

Tn reality there is already ample evidence that future generations 
of microbiologists will find vast areas of their science still awaiting 
cultivation. 

Until now I have only been dealing with observations made on 
micro-organisms as they have been isolated from their natural 
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habitat, and the constancy of their properties during these obser- 
vations has been a postulate for the discussion of the results 
obtained. This means that one of the most fundamental characters 
of every form of life, viz., its variability, has been left out of con- 
sideration. 

Now it is a common experience of every microbiologist that not 
rarely a continued study of some micro-organism leads to the 
conclusion that variations have occurred. 

Fortunately in discussing the possibilities inhaerent in microbial 
variations it is not necessary to have recourse to the still difficultly 
interpretable results obtained with bacteria. There are other groups 
of micro-organisms in which because of the occurrence of sexual 
reproduction the nature of the variation phenomena is open to a 
detailed analysis. 

Amongst the various studies made in this field the series of 
investigations in recent years carried out by BEADLE and his 
collaborators at Stanford University on the biochemical genetics of 
the mould Neurospora crassa may be deemed to be outstanding, 
and there are even scientists who expect that this mould will in 
tie course of time supersede Drosophila from its central position 
in genetics. How this may be, the said investigations are in any 
case apt to give a clear idea of the importance which induced 
mutations may well obtain in the future development of micro- 
biology. It is for this reason that it seems worth while to spare 
some moments for the discussion of some of the results obtained. 

lveurcspora crassa, commonly known as red bread mould, is 
heterothallic, that is, exists in two morphologically identical but 
physiologically different sexes. Each of these is haploid and by 
itself reproduces only vegetatively by mycelial growth or through 
the meaiation of asexual spores. If mycelia of the two sexes are 
grown together on a suitable medium hyphal fusions accompanied 
by nuclear fusions occur and out of the diploid zygotes ultimately 
asci containing 8 linearly arranged ascospores are formed. Owing 
to the meiosis occurring in the ascus preceding the ascospore 
formation the ascospores are again haploid. If the parent strains 
differ in the alleles of a single gene, the eight ascospores of an 
ascus are of two kinds, four like one parent and four like the other. 
It is evident that this situation provides a means to check whether 
a property characteristic for some induced mutaut is dependent on 
the mutation of a single gene. 

BEADLE and his collaborators have now succeeded in obtaining 
a large number of biochemical mutants by treating asexual spores 
with X-rays or ultraviolet light, makiny crosses with strains of the 
opposite sex, and then establishing genetically homogeneous, single 
ascospore strains. Special attention has now been given to the 
question whether these strains differed in their growth requirements 
from the original, wild-type strain. For the latter it had previously 
been established that it grew quite satisfactorily in a medium 
containing some sugar, the necessary inorganic salts — nitrate as 
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a source of nitrogen — and biotin as the only indispensable growth 
factor. For many of the mutants obtained it was found that they 
no longer developed in this minimal medium, but that they did 
so perfectly well if some extract containing the various amino acids 
and B-vitamins was added. This result can only be understood on 
the basis of the assumption that the ability of the wild-type strain 
to synthesize one or more of the essential amino acids and B-vita- 
mins was lost in the mutation act. By composing a series of media, 
in each of which a single amino acid or one of the growth factors 
had been added to the minimal medium, and observing in which 
case growth occurred after inoculation with the mutant strain, it 
was, of course, possible to establish for this particular strain the 
specific loss in synthetic ability. By this procedure it could be 
shown that amongst the numerous mutants obtained there were 
strains which differed from the wild-type strain by loss of the 
ability to synthesize one of the following compounds: thiamine, 
pyridoxine, p-aminobenzoic acid, pantothenic acid, inositol, 
nicotinic acid, choline, arginine, lysine, leucine, valine, methionine, 
tryptophan, proline and threonine. Moreover, the genetical analysis 
showed that each of these strains differed from the wild-type by 
a single gene, the normal allele of which is evidently essential to 
the biosynthesis of the compound in question. 

A further biochemical investigation of some of these mutant 
strains has led to some extremely interesting results. It is clear 
that the biosynthesis of each of the compounds mentioned depends 
on a long chain of individual step-reactions, and that the blocking 
of any of these step-reactions will suffice to prevent the synthesis 
of the compound in question. Since there were already several 
indications that each particular step-reaction is determined by one 
gene, it might be expected that mutants failing in the synthesis 
of one and the same essential compound may differ mutually in 
the nature of the step-reaction blocked. 

This expectation has now been amply confirmed in an investi- 
gation of a great number of mutants deficient in their ability to 
synthesize the amino acid arginine. Amongst these not less than 
7 different types have been recognized. Independent biochemical 
evidence had made it probable that the synthesis of arginine would 
proceed in this way that first a still unknown series of reactions 
would lead to the formation of ornithine which then was converted 
into citrulline which then in a final reaction would yield arginine. 
It was therefore tested in how far either ornithine or citrulline 
could meet the growth requirements of the various ,,arginine- 
deficient’ strains. It was then found that for one mutant these 
compounds could not be used as a substitute for arginine itself. 
Evidently here the final step-reaction had been blocked. For a 
second type of mutants citrulline was acceptable, but ornithine not, 
indicating a blocking of the ornithine-citrulline step-reaction. For the 
remaining strains both ornithine and citrulline were suitable substitu- 
tes for arginine which must imply that one of the step-reactions 
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in the long chain leading to ornithine synthesis had been blocked. 
Since theses trains differed mutually, it was obvious that here too 
in each of the strains different step-reactions were inactivated. 

In the first place these results form a strong argument for the 
one-gene-one-enzyme concept which in slightly different terms was 
already so passionately advocated by my famous predecessor 
BEIJERINCK as long ago as 1917. But it is also clear that the pro- 
duction and investigation of biochemical mutants form a powerful 
tool for the analysis of anabolic processes in the microbial cell. 
It will be clear that in many cases it will be possible to submit the 
correctness of assumptions regarding the way in which various cell 
constituents are synthesized to an experimental test by studying 
the behaviour of special mutants towards supposed intermediate 
products. 

It is in this way that TATUM, BONNER and BEADLE have made 
it very probable that the ultimate step in tryptophan synthesis is 
the condensation of indole and serine, and that moreover anthranilic 
acid is an immediate precursor of indole.The latter conclusion is 
based on the fact that if one of the tryptophan-deficient mutants 
is grown in the presence of a minimal amount of tryptophan the 
mutant accumulates-anthranilic acid and excretes it in the medium 
from which it has been isolated in the crystalline state. 

Here we have the interesting example of a biochemical mutant 
forming a metabolic product quite unknown for the original type. 
Is it not tempting to suggest in this connection that the superiority 
in penicillin production of several mutant strains of Penicillium 
notatum obtained by radiation with X-rays or ultraviolet light, or 
by bombardment with neutrons, is due to the inactivation of a 
gene determining an enzyme by which in the wild strains penicillin 
is converted into some other cell constituent? 

However this may be, it is not doubtful that the microbiologist 
of the future will be able to produce microbes with potencies 
differing markedly from those known up to this time. And the case 
of penicillin and other antibiotics is there to testify that the pro- 
duction of even minute quantities of metabolites with new proper- 
ties may become of far-reaching importance for mankind. 

Our conclusion then must be that the coming generations of 
microbiologists, far from being pitiable, will experience joys both 
from an increased insight into the mysteries of microbial life and 
from an increased mastery of its manifestations. And the industrial 
microbiologist will add one key industry to those already existing: 
the industry in which microbes with desired qualities will be 
fabricated! 


The lecturer is, of course, aware of the danger inhaerent in such 
prophecies, and for this reason it seems high time to return to 
reality. And then I think I may not conclude without devoting a 
few special words to the progress made regarding our knowledge of 
that grou of micro-organisms which was nearer to EMIL CHRISTIAN 
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HANSEN’s heart than any others: the yeasts. It is in this domain 
that his name is rightly perpetuated in the generic names Hansenula 
and Hanseniaspora. 

If at this moment he could have been with us, what would he 
say? Would he be satisfied with the way in which we his successors 
have taken care of the heritage he left to us? 

After all that I have learnt about the character of this great 
scientist I do not expect that he would be exuberant in his praise. 
It is well-known that he feared that such praise might lead to 
relaxation, instead of acting as a stimulant to further efforts. 

But, nevertheless, I venture to think that in his heart a feeling 
of satisfaction would not be lacking. In the first place this seems 
to be most probable, when we remind ourselves of the fact that 
during his life-time HANSEN had to devote part of his energy to 
the defence of the view that the yeasts which he brought together 
in the genus Saccharomyces have to be considered as independent 
forms of life, and not, as was repeatedly suggested, are mere stages 
in the life cycle of higher fungi. Seen in this light HANSEN would 
have relished in the present situation in which about 100 different 
ascosporeforming yeast species, divided over 15 genera, are gener- 
ally accepted as independent organisms in the botanical world. 
Moreover, he might have rejoiced at seeing that attempts to deal 
in a somewhat comprehensive way with the systematics of yeasts, 
of which systematics the foundations were laid by him, have 
necessitated the publication of three more or less stately volumes. 

In view of his great devotion to the industrial applications of 
yeasts, HANSEN would also have been interested to see that the 
organisms which are undoubtedly responsible for the particular 
qualities of special types of English beers continue to receive the 
attention of scientists of the small nations. Herewith I refer to 
the remarkable group of yeasts first discovered and described by 
your fellow-countryman HJELTE CLAusSEN, and to which the 
name of Brettanomyces was given by him. Later on they have once 
more been most thoroughly studied in Copenhagen by SCHIONNING, 
and I am glad to be able to add that my collaborator CusTERs of 
late could prove that British conservatism has continued to safe- 
guard during another 40 years the hospitality offered by British 
breweries to a group of micro-organisms, the natural occurrence 
of which is still wrapped in mystery. 

There also seems no doubt that it would be a source of true 
satisfaction to HANSEN to see that nowadays the industrial appli- 
cation of yeasts is no longer restricted to his two favourite species: 
Saccharomyces cerevisiae and Saccharomyces carlsbergensis, but that 
for the production of food yeast, fat or vitamins several other 
species have been, or are likely to be introduced into industry in 
a near future. ; : : 

But all these minor joys which HANSEN might experience, if 
he was able to inspect his old kingdom, would appear to him as 
mere trifles after having given due attention to what had been 
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achieved in his own beloved Carlsberg I.aboratory. There he would 
be confronted with the situation that the president of the Emir 
CHRISTIAN HANSEN ,,Fond” had revolutionized his science and 
opened wide prospects for future developments by applying the 
mighty tool of genetics to the study of the yeasts. Undoubtedly 
the fact that it has been possible to produce consciously new strains 
with interesting properties by hybridisation would have quite 
especially appealed to the man who already in 1891 published the 
first observations, at that time not well interpretable, on ascospore 
copulation in Saccharomyces cerevisiae. The idea that the phe- 
nomenon of variability in Saccharomycetes, to which he already 
half a century ago had devoted so much attention, has at last 
successfully been submitted to a careful analysis, and gradually 
is giving up its secrets, would be another reason for rejoicings. 

The realisation that just like in his own days the Carlsberg 
Laboratory is still the world’s leading centre in yeast science would 
make even HANSEN’s stern character break with its principles, 
and we may presume that he would be unable to withhold words 
of praise and satisfaction. 


(Parasitological Department of the Laboratory of Hygiene, Bacteriology 
and Tropical Hygiene, University of Leiden). 
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The pathogenic leptospirae which have entered the bodies of 
rats, apparently find in the kidneys the most favourable conditions 
for their further existence; according to researches by Ipo and his 
co-workers in 1916 (6) and later on an important percentage of 
rats appears to be infected with these micro-organisms. 

But scarcely have they left the kidneys of their host along with 
the urine, or the conditions for their further existence become more 
unfavourable; NoGucui’s experiments carried out in 1918 (8) and 
the experiences gained by later investigators have proved, that 
acidly reacting urine checks the growth of Leptospira icterohaemor- 
rhagiae. The harmful influences increase as soon as they come to 
live saprophytically on or in soil or in surface water. Apart from 
physical conditions such.as drying and sun-heat (9), the percentage 
of salt and the pH of the water (10), the presence in their surroun- 
dings of microbes: bacteria, water leptospirae and protozoa might 
also inhibit their growth and development. 

According to APPELMAN’s investigations (3) in a combined culti- 
vation of pathogenic and apathogenic saprophytic (water-) lepto- 
spiral strains the former die after a short period while the latter 
keep alive. In 1934 vAN THIEL (13) has shown that a weak anta- 
gonism also exists between virulent and avirulent pathogenic 
strains, whilst MocuTAR’s experiments in 1939 (7) show, that after 
inoculation of a guinea-pig by two different pathogenic leptospiral 
strains one strain will inhibit the development of the other. These 
facts, however, need not entail that similar phenomena will occur 
under natural conditions. 

Of greater importance than such antagonisms observed in culture 
tubes might be the influences on the leptospirae exercised in the 
open ‘by the numerous bacteria living in soil and surface water. 
These bacteria are partly autochthonous and for another part have 
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been originally derived from the excreta of men and animals. Not 
only in free nature but also in contaminated leptospiral cultures in 
the laboratory leptospirae along with bacteria will occur and will 
act one upon the other. 

Already in 1916, shortly after the discovery of L. icterohae- 
morrhagiae by INADA and his co-workers, NoGUCHI studied experl- 
mentally in how far its development would be disturbed by several 
bacteria introduced in the culture tubes. For these experiments 
he used culture tubes containing 1.5 ml of rabbit serum, 4.5 ml of 
Ringer’s liquid, 1 ml of citrated plasma and | drop of defibrinated 
rabbit blood, a medium very suitable for leptospirae. The cultures 
of L. icterohaemorrhagiae were inoculated with various bacteria and 
incubated at 26° C. He used 4 inhabitants of the normal intestine, 
5 pathogenic intestinal bacteria, 10 different streptococci, 4 pneumo- 
cccci of Type I, II, II] and IV and 9 types of bacteria not living in 
the animal body. He ascertained that the more abundantly the 
bacteria grew, the poorer the leptospirae developed and that the 
leptospirae were not proof agairst the harmful influence of bacteria, 
for whilst in the control tubes without bacteria, the leptospirae 
were still alive after some weeks, in the other culture tubes they 
had all died within two weeks. The leptcspirae which were brought 
together with Bacterium faecalis alcaligenes remained alive longest, 
viz., up to 12 days; in most of the tubes with streptococci the 
leptcspirae could still be detected after 3 to 8 days, whilst by the 
other 3 normal intestinal bacteria and by the pathogenic bacteria 
they had been destroyed already within 1—3 days. The bacteria 
not derived from the intestines killed the leptospira already within 
24 hours. 

In 1921 MANTEUFEL (5) studied the influence of Bacterium coli, 
Vibrio Metschnikoff and Bacterium faecalis alcaligenes on leptospiral 
cultures. He stated, that the presence of the vibrios checked the 
development of L. icterohaemorrhagiae, whilst on the other hand the 
presence of B. faecalis alcaligenes had such a favourable influence 
on the rate of multiplication of the leptospirae, that MANTEUFEL 
suggests a ,,symbicsis’’ between both micro-organisms. 

The first investigator, who compared Weil and water leptospirae 
as to their reaction on the presence of various bacterial species was 
SHIGA (11). He cultivated either leptospiral type together with 
Bacterium faecalis alcaligenes, Bacillus megatherium, Bacterium 
violaceum, Bacterium prodigiosum and water vibrios. In the presence 
of B. faecalis alcaligenes both leptospiral species grew well; a par- 
ticularly abundant growth which might be ascribed to a symbiontic 
influence of the bacteria could not be stated. He noticed, however, 
that though Spirillum volutans grew poorly in the medium used, 
its presence had a checking influence on the development of species 
of leptospirae and that the latter were overgrown by B. prodigio- 
sum. 

Suchlike experiments were carried out by Anyow (1) in 1926 in 
order to compare the resistance of pathogenic and apathogenic 
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eptospiral strain again t some types f ]ac’eria. H_ studied 9 
pathogenic and 2 water leptospiral strains as to their behaviour 
lin the presence of 4 strains of Bacterium coli, 1 strain of Streptococcus 
haemolyticus, | strain of Bacterium typhosum and 1 strain of Bac- 
tervum paratyphosum and arrived at the following results: 

The pathogenic and water leptospi: e reacted similarly on the 
presence both of B. coli, being killed in half a week and of Strepto- 
coccus haemolyticus, which did not harm either of them. In the 
presence of B. coli ¢ mmunis and B. coli communior, B. typhosum 
and B paratyphosum the leptospiral str ins mutually differed in 
behaviour. Whilst the pathogeni leptospirae died already after 
1 or 2 weeks, the water leptospirae were still alive after two weeks 
so that the pathogenic leptospirae appeared to be less proof against 
normal intestinal B. cols and pathogenic intestinal bacteria than 
the water leptospirae derived from surface water. 

TAYLOR and GOYLE (12) have also noted that pathogenic and 
saprophytic leptcspirae differ in behaviour in the presence of- 
bacteria. They record: ,,Human strains of leptospirae disappear 
rapidly from cultures in artificial media when contaminated with 
other organisms, while water strains in our experience continue to 
grow well in our contaminated media’’. 

It is well known to investigators of leptospirae that the growth 
may be checked by bacterial contamination of cultures of patho- 
genic leptcspirae. UHLENHUTH and FROMME (14), ZUELZER (16), 
SCHUFFNER (10), KATHE (4) and others affirm this fact. With regard 
to the influence of bacteria on the growth of water leptospirae such 
agreement is lacking however. Whilst most of the investigators are 
ef the opinion that the water leptospirae are more proof against 
it than the pathogenic ones, ZUEI.ZER maintains that both groups 
do not differ in the least in this respect (15). Both leptospiral types 
will grow together in the same culture medium, both types behaving 
outside the animal body quite similarly, so that the presence of 
water leptospirae should be considered as an indicator for the 
occurrence of Weil leptospirae. So it was deemed desirable to in- 
vestigate more closely the influence of bacteria on leptospirae. 


EB spiewri men tialepasr t. 


From January up to April 1942, from August up to November 
1942 and from October 1943 up to March 1944 investigations were 
carried out by VAN THIEL, Nubé and the author, with the aim of 
studying the effect of bacteria occurring along with leptospirae in 
free nature. Difficuities caused by war conditions brought these 
experiments untimely to a close. It was meant to study the sym- 
biosis of the micro-organisms not only in culture tubes, but also 
by means of combined cultivation so as to approach natural con- 
ditions as much as péssible. Only the former part of the investi- 
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gation could be finished, the latter part will be carried out as soon 
as circumstances will permit. 

The development of pathogenic and water leptospirae (L. biflexa) 
was compared in the presence of bacteria which will occur frequently 
in their natural surroundings, viz., bacteria derived from water, 
from soil, from the normal human stool and pathogenic intestinal 
bacteria of the typhi- and paratyphi group. The Korthof medium ?) 
has been used which is particularly suitable for these organisms 
and in which the various bacteria thrive as well. 

In order to keep evaporation down the cotton plugs have been 
paraffined. The cultures were transferred weekly. 

In the first experimental series three pathogenic 
strains of Leptospira were studied as to their behaviour in the 
presence of Mycobacterium rubrum, a soil organism. The results are 
recorded in Table I. 


Table I. 


Pathogenic leptospirae cultivated together with Mycobacterium rubrum 


Duration of life in weeks 


Temperature ; : 
of pata Soren pirereraey a 
incubation agiae ain rnagiae strain strain PoLLy 
CoPPEE MuyZERT 


room temperature 2—3 8 — 
28—30° C. 6 >14 6 


In the second experimental set the behaviour of 
three pathogenic and three apathogenic strains of Leptospira in 
the presence of various bacteria was studied. Both apathogenic 
and pathogenic bacteria were introduced into the cultures. The 
results are taken up in Table II. 

These preliminary experiments carried out by VAN THIEL and 
NuBE allow of the following conclusions: 

1°. Water leptospirae grow at room temperature as well as at 
28°—30° C. and are not disturbed in their development by the 
bacteria introduced into the culture. 

2°. Pathogenic leptospirae develop well at 28—30° C. and are 
then not injured by the presence of bacteria. When cultivated, 
however, at room temperature together with bacteria, they die off 
within 1—5 weeks. Also when cultivated without the presence of 
bacteria, room temperature is less suitabie for pathogenic lepto- 
spirae. Thus in the third experimental set all cultures have been 
incubated at 28—30° C. 


1) Peptone (Witte) 400 mg, sodium chloride 700 mg, sodium bicarbonate 
10 mg, potassium chloride 20 mg, calcium chloride 20 mg, potassium phos- 
phate dibasic cryst. 90 mg, sodium phosphate 485 mg, dest. water 500 cc + 
10 per cent rabbit serum. 
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Table IT. 


Leptospiral strains cultivated together with various bacteria 
i ee 


Duration of life in weeks 


Tempera- 
ture of - : 
BE bation Pathogenic Apathogenic 
L. 1ctero- L. ictero- : : 
haemorrhagiae haemorvhagiae L. canicola L. biflexa 
strain Coppre | strain Muyzert| S742 PoLty jstrain I, 1X, X 
eines ll ie ee aia aie ale NIA a eer Saal plain epee cee 
With Mycobacterium rubrum 

room temp. 3—5 1s — >5 

28—30° C. >5 >5 — >5 
With Bacterium coli 46 

room temp. 1—3 1 — >65 

28—30° C. >5 >5 — >65 
With Bacterium coli 280 

room temp. i—=3 = | — >5 

28—30° C. >5 =a | = 2 >5 
With Bacterium typhosum 

room temp. il J—2 1 >5 

28—30° C. >5 >5 >5 >5 

With Bacterium paratyphosum A 
room temp. eed = 1 >5 
28—30° C. >5 — >5 >5 
With Bacterium paratyphosum B 
room temp. 1 — 1 >5 
28—30° C. >5 — >6 >5 


Third experimental set. The agglutination tubcs 
filled up till half with Korthof medium were supplied with 1 drop 
of a culture of L. biflexa or 2 drops of the pathogenic leptospiral 
cultures, this because of the twice as abundant growth of the 
former. The culture tubes were provided with 1 drop of the various 
bacterial suspensions in physiological salt solution. The growth of 
the leptospirae and of the bacteria was examined weekly in dark 
field illumination. Next to the amount of leptospirae their degree 
of motility was noted. The examination of the cultures was con- 
tinued until either the leptospirae had disappeared completely, or 
in case they kept alive up till the 6th—12th week. 

3 pathogenic leptospiral strains were examined, viz., I., iciero- 
haemorrhagiae strain WIJNBERG, L. grippotyphosa strain ANDAMAN, 
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L. canicola strain POLLY and 3 water strains, viz., L. biflexa strain I, 
isolated from tap-water in Leiden and the strains VIII and X iso- 
lated from ditch water near Leiden (VAN THIEL, 1933). The strains 
CoppkE, DESTREBERG and Muyzert used in the earlier experiments 
had got lost. ; 
The bacteria?) used in this experimental series are: As a soil 
organism, Mycobacterium rubrum. As water bacteria, Pseudomonas 
putida, Ps. fluorescens, Ps. punctata, Spirillum serpens, Micrococcus 
albus and Azotobacter agilis. As normal intestinal bacteria, B. colt 
46 and 280, Aerobacter cloacae and Streptococcus faecalis. As patho- 
genic intestinal bacteria, B. typhosum, B. paratyphosum A and B. 
In Table III the resu!ts of these experiments are recorded. 


Discussion. 


Soil bacteria. In the presence of Mycobacterium rubrum 
the pathogenic as well as the water leptospirae grow abundantly 
for some weeks; 4 to 10 weeks after the inoculation they had all 
died off and no difference could be noted between both leptospirae 
groups. 

Water bacteria. In the presence of the 3 species of 
Pseudomonas and of Sp. serpens, all pathogenic leptospirae died off 
in one week. Micrococcus albus varied in action on the three lep- 
tospiral strains, whilst Azotobacter agilis acted very mildly on all 
of them. 

As to the apathogenic leptospirae, the 3 species of Pseudomonas 
aad Sp. serpens are very harmful for L. biflexa str. I and X, whilst 
str. VIII stands Ps. putida much better. Micrococcus albus and 
Azotobacter agilis are less harmful although their action on the 
various strains of L. biflexa varies. 

So Azotobacter agilis does not or merely after a long period act 
harmfully on the growth both of pathogenic and apathogenic 
leptospirae. In the presence of the other water bacteria the apatho- 
genic leptospirae generally appear to remain alive longer than the 
pathogenic species. 

Normal intestinal bacteria. Aerobacter cloacae is 
very injurious to the growth of pathogenic leptospirae. Streptococcts 
fa cal's either does not act or very mildly and the B. coli strains 
vary markedly in action on this leptospirae group. 

As to their influence on apathogenic leptospirae, B. coli ana 
Aerobacter cloacae vary greatly in their action. In the presence of 
Streptococcus faecalis, however, the leptospirae can still be detected 
after 9 weeks. 

So with regard to the normal intestinal bacteria no clear-cut 
differences exist between the pathogenic and apathogenic lepto- 
spirae. 


1) Professor KLUYvER in Delft was ready to place many of the here 
mentioned bacterial strains at our disposal, 
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Pathogenic intestinal bacteria. The bacteria 
tested are equaily harmful for the pathogenic leptospirae. Among 
the apathogenic L. biflexa, strain Iis very sensitive to their presence, 
whilst str. VIII and str. X appear to be proof to it. 

So among the 6 ieptospirae strains studied, L. biflexa str. VIII 
is most proof against the influence of the various bacterial types; 
L. biflexa str. X is less proof than str. VIII. Of the apathogenic 
leptospirae strains L. biflexa str. I behaves like the pathogenic 
types. L. icterohaemorrhagiae strain WIJNBERG of all strains tested 
is mostly injured by the presence of bacteria. L. grippotyphosa 
strain ANDAMAN and L. canicola strain POLLy are also sensitive 
although in a lesser degree than the former. 

Thus it may be concluded that ZUELZER is wrong in her opinion 
that no difference would exist between pathogenic and apathogenic 
leptospirae as far as their behaviour towards bacteria is in question. 
It is true that sometimes they may behave equally, but in other 
cases they differ. Moreover differences appear to exist between 
different strains of one type of leptospira. 

As to the bacterial influence in free nature the possibility exists 
that: 

a. the soil bacterium Mycobacterium rubrum may be injurious for 

leptospirae after a lapse of time. 

b. the water bacteria Ps. putida, Ps. fluorescens and Ps. punctata 
and Sp. serpens will soon destroy the leptospirae, more especially 
the pathogenic species. 

. the normal intestinal bacteria check the growth ot leptospirae. 

. the pathogenic intestinal bacteria of th typhi paratyphi-group 
are more injurious for the pathogenic leptospirae than for the 
apathogenic leptospirae types. 


aoa 
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THE INFLUENCE OF THE OXIDATION- 
REDUCTION POTENTIAL OF THE MEDIUM 
UPON THE GROWTH OF 
AZOTOBACTER CHROOCOCCUM 


by 


A. QUISPEL 
(Received August 22, 1946). 


1, INTRODUCTION. 

Though all investigators agree that the harmful effect of oxygen 
on anaerobic bacteria is mainly caused by the high redox potential 
produced (by the oxygen), opinions are divided on the question 
whether the beneficial effect of oxygen on aerobic organisms is 
attributable to the same cause. While the experiments of BALDWIN 
c.s. (2, 3, 4, 5) show clearly that the development of aerobic organ- 
isms is influenced by the redox potential of the medium, KNaysI 
and Durky (9) gave it as their opinion that for aerobic bacteria 
oxygen as such cannot be substituted by other redox systems, and 
that the harmful effect of low redox potentials is produced by the 
corresponding low oxygen tension. The relationship of aerobic 
bacteria to the redox potential of the medium is of interest not 
only in itself, but also as a possible method of testing the suitability 
of the redox potential of the soil for the growth of higher plants. 
Therefore we decided to investigate this problem. The experiments 
were only of a preliminary nature, but in spite of this some impor- 
tant conclusions could be drawn. 


Our experiments were performed with one of the most aerobic bacteria, 
Azotobacter chroococcum, which in nature appeared to be very dependent 
on the aeration of certain soils. The bacterium was isolated from a garden 
soil in Kampen. As a culture medium we always used the following standard 
solution of BorTELS: mannitol 2 %, K,HPO, 0.1 %, CaCO, 0.1 %, MgSO, . 
7H,O 0.05 %, FeSO, 0.005 %, MnSO, 0.001'%, Na,MoO, 0.001 %. For the 
preparation of agar media 2 % agar was added to this solution. 


2, EXPERIMENTS WITH AGAR CULTURES. 

According to ALLYN and BALDWIN (2). aerobic bacteria show their 
main development in agar shake cultures at a definite level below 
the surface of the agar. This level can be raised or lowered by the 
addition of reducing or oxidising substances, showing the depend- 
ence of the bacteria on the oxidation-reduction character of the 
medium. As the level of optimal development could be markedly 


34 A. Quispel, 


lowered by the addition of oxidising substances, these workers 
even suggested the possibility that aerobic bacteria might develop 
under anaerobic conditions with the addition of oxidising sub- 
stances. 

We tried to use this method in studying the effect of the redox 
potential of the medium upon the growth of Azotobacter chroococcum. 
The following culture media were used: 

1: the normal standard solution with 2 % agar. 

2: The same solution in which the mannitol had been replaced 
by glucose. 

3: the normal standard solution without Ca. 

4: the glucose standard solution without Ca. 

Of course the solution with glucose was more reducing than the 
solution with mannitol. In some experiments the medium was 
made still more reducing by the addition of hydroquinone or 
ascorbic acid. 

As oxidising substances KMnO,, KClO,; and H,O, were used. 
Of these, only KMnO, gave reliable results. The two other oxidising 
substances were toxic even in very low concentrations. 

The results of ALLYN and BALDWIN could not be reproduced. 
No development was observed either in media which were too 
reduced or in those which were too oxidised. In media with a good 
oxidation-reduction character, a more or less abundant development 
of Azotobacter was observed at the surface of the agar. When the 
medium was too reduced or too oxidised to allow full development 
of the pellicle at the surface, but not sufficiently so as to suppress 
all growth a small number of colonies developed in the agar. 
These subsurface colonies were only found when no pellicle was 
formed 7.e., the development of colonies beneath the surface of 
the agar was not dependent on the redox potential of the medium 
but only on the absorption of gases from the atmosphere by bacteria 
at the surface. As the same effect could be observed in media 
containing NH,NO,, we must assume that Azotobacter cannot 
develop in the absence of oxygen. 

However, the pellicle at the surface appeared to be highly 
dependent on the redox character of the medium. Some of the 
most important results are summarized in table I. 

From this table it is evident that the development of A zotobacter 
is markedly influenced by the reducing conditions of the medium. 
The more reducing the character of the medium, the higher must 
be the concentration of KMnQ, to permit an optimal development 
of Azotobacter. High concentrations of KMnQ, are inhibitory, due 
either to establishment of too high potentials or to chemical toxicity. 
The presence of Ca enables the bacteria to withstand a greater 
range of potentials. 


3. EXPERIMENTS IN LIQUID CULTURE SOLUTIONS. 
As in the preceding experiments by the addition of oxidising 
substances no growth in the agar could be obtained there was 
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Table I. 


The influence of the oxidation-reduction character of the medium 
upon the development of Azotobacter in agar shake cultures. 


The numbers in the right part of the table indicate the degree of develop- 
ment of Azotobacter: 0 no development; 1 some colonies scattered through 
the agar; 2 more colonies scattered through the agar, one or two big colonies 
at the surface; 3 a ring of growth at the surface; 4 a pellicle at the surface, 
no colonies in the agar; 5 a thick pellicle at the surface. The estimations 
were performed after incubation for 3 days at 30° C. 
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no further need to perform experiments in agar cultures as the 
influence of reducing substances could be studied more easily in 
liquid culture solutions. 


For these experiments we used Erlenmeyer flasks of 100 cc capacity 
filled with 20 cc of the standard solution. The reducing agents were added 
to this solution after sterilisation and the flasks were inoculated. The prepa- 
ration of the inoculum required some precautions as otherwise reproducible 
results could not be obtained. For this purpose, Azotobacter was cultivated 
in Erlenmeyer flasks containing the standard solution. After repeated 
subculturing a 24 hours culture was shaken to disperse the cells evenly 
through the liquid, after which it was poured into a test-tube. The suspension 
was allowed to settle for half an hour, after which some drops of the liquid 
were inoculated into an Erlenmeyer flask with sterile standard solution. 
Here the number of cells was counted with a haemocytometer and the sus- 
pension diluted with sterile standard solution till one drop of the suspension 
contained + 5(0 cells. The Erlenmeyer flasks of the experimental series 
then were inoculated each with one drop. The cultures were incubated for 
three days at 3° C., after which period the development of Azotobacter was 
estimated visually. For certain purposes we thought it desirable to make 
a more accurate determination of the development of the bacteria; in these 
experiments the number of cells was measured nephelometrically according 
to BorteEts. To every culture 5 cc of concentrated hydrochloric acid and 
10 cc water was added, after which the cultures were boiled in order to 
obtain an even distribution of the bacterial cells through the liquid. The 
cultures were then compared with a control in the normal standard solution 
which had been inoculated in the same way and then the turbidity was 
expressed ‘as a percentage of that of the control. 
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Our first task was to examine the influence of different reducing 
agents on the development of Azotobacter under aerobic conditions, 
and to compare the inhibitory action of the reducing agents with 
the redox potential established in the medium. 


The redox potential of the culture solutions was measured with electrodes 
of platinized platinum. We preferred the use of platinized platinum, as it 
appeared that in poorly poised solutions in which oxygen is the main factor 
determining the potential, platinized electrodes give more reliable results 
than electrodes of bright platinum. There remains a possibility that the 
potentials measured are too low since even platinum does not behave as 
an indifferent electrode towards oxygen. In well poised solutions e.g. in the 
solutions containing ascorbic acid, hydroquinone etc., both platinized and 
bright electrodes give the same results, The potentials at the electrodes 
were measured with a Coleman vacuum-tube potentiometer. The pH was 
measured with a glass electrode and the same potentiometer. Both Eh and 
pH were measured in controls at time of inoculation (half an hour after 
the addition of the reducing substances), Later on a gradual increase of 
potential in the sterile solutions is observed, as the reducing substances are 
oxidised by the air. 


From the data in table II it is evident that all reducing substances 
used inhibit the growth of Azotobacter. Though it is difficult to 
see a very Close correlation between the inhibiting action and the 
redox potential measured in the culture solutions, the lowest 
potential enabling the development of Azotobacter is for the most 
part in the neighbourhood of + 380 — 400 mV. 


Table II. 


Development of Azotobacter chroococcum in media containing 
reducing substances under aerobic conditions. 
+-+ very good development 
+ development slightly retarded 


— no development 
Eh in mV. The Eh of the control is the mean value of several determinations. 


a ee ie nn a a a 


reducing substance | % | Eh | pH postpre vae se 
control + 500 7.52 +4 
hydroquinone 0.0001 + 471 7.42 of 
hydroquinone 0.001 + 398 7.53 — 
ascorbic acid 0.001 + 459 7.42 +f 
ascorbic acid 0.01 + 278 7.28 — 
cysteine 0.001 + 480 7.62 + + 
cysteine 0.01 + 368 7.30 — 

a,S 0.001 + 461 7.60 + 
Na,S 0.01 + 91 7.81 
Na,SO, 0.02 + 389 7.73 “fb 
Na2SO; 0.04 + 350 7.89 — 
Na,SQ, 0.1 + 255 7.89 a 


When considering the results of experiments like this we have 
to remember that reducing conditions only exist during the early 
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part of the incubation period as later on the added reducing 
substances will have been oxidised by the air. Consequently we 
might expect development to be merely retarded by the reducing 
conditions, growth proceeding as soon as the added reducing 
substances become oxidised. However, this was not the case. For 
the most part no development at all was observed in the reducing 
media indicating that the bacteria are killed by the reducing 
substances. 


4. EXPERIMENTS UNDER ANAEROBIC CONDITIONS. 

Though Azotobacter was suppressed by relatively small amounts 
of reducing substances under aerobic conditions, it is uncertain 
whether this is due to the action of the reducing substances upon 
the redox potential of the medium or to the absorption of oxygen 
by the reducing substances. As KNAysI and Durki (9) have shown 
that even under fully aerobic conditions the percentage of oxygen 
in media with reducing substances may be nil, the toxic effect of 
the reducing substances might have been due to the absence of 
oxygen during the prevalence of reducing conditions rather than 
to an intrinsic toxicity of the reducing conditions themselves. 

During the experiments with agar shake cultures we obtained 
strong evidence that other redox systems cannot replace oxygen 
for the development of Azotobacter. Furthermore, we were unable 
to cultivate Azotobacter under anaerobic conditions in Erlenmeyer 
flasks containing the standard culture solution with some oxidising 
substances, thus confirming the results of KNAysi and DuTKy 
with B. megatherium. 


The anaerobic conditions were obtained by incubating the Erlenmeyer 
flasks with the culture solutions in a desiccator over an alkaline solution 
of pyrogallol. 


As the cells had been killed under aerobic conditions by reducing 
substances it was interesting to know whether anaerobic conditions 
too were lethal. To test this possibility, the cultures were taken 
out of the desiccators after an anaerobic incubation of two days. 
In flasks of the standard solution with mannitol as a source of 
carbon, a rapid development of Azotobacter was observed as soon 
as aerobic conditions had been restored. However, when mannitol 
had been replaced by glucose (which only slightly retards the growth 
of Azotobacter under aerobic conditions), the bacteria appeared 
to be killed by an anaerobic incubation of only one day. 

As it was difficult to measure the redox potential of the media 
potentiometrically in the desiccators, we added redox indicators 
to some uninoculated flasks with culture solution. In the solutions 
with mannitol, dichlorophenole indophenole was not discoloured 
under anaerobic conditions, showing the potential to be higher 
than + 230 mV. In the solutions containing glucose, even neutral 
red was discoloured showing the potential to be lower than —340 
mV. Furthermore, the potential of the solution with mannitol was 
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measured potentiometrically in a small beaker closed with a rubber 
stopper through which an electrode and an agar bridge were in- 
serted. A smaller beaker with the mannitol culture solution was 
placed in this beaker and the oxygen absorbed by alkaline pyro- 
gallol. It appeared that the potential of the culture solution only 
decreased by + 60 mV (Eh = + 440 mV). 

From these experiments it is evident that the mere absence of 
oxygen inhibits the development of Azotobacter but does not kill 
the cells. However, when anaerobic conditions coincide with a low 
redox potential of the medium, the bacteria are killed. 


5. THE INLUENCE OF Ca AND Na ON THE DEPENDENCE OF THE 

REDOX POTENTIAL. 

From the experiments with agar shake cultures, it was obvious 
that the range of potentials which can be tolerated by Azotobacter 
is considerably increased by the presence of Ca in the medium. The 
same effect had been mentioned by ALLYN and BALDwIN for 
Rhizobium, while some of the observations of KINGMA BOLT]JEs (8) 
might indicate that the same is true of nitrifying bacteria. 

We have obtained clear evidence that the effect of ions may be 
very complex. One of the most interesting experiments is summa- 
rized in table III. 


Table III. 


The development of Azotobacter in culture solutions containing 
ascorbic acid and different concentrations of CaCl, and NaCl. 
The Eh produced by ascorbic acid in this experiment was + + 300 mV. 


The development of the bacteria is measured nephelometrically and ex- 
pressed as percent of turbidity of standard control. 


erste a concentration | concentration H Jauslonsan 
in % | NaCl in % | CaCl, in % P P 
0 0 0 7.00 100 
0.01 0 0 6.65 0 
0.01 0.15 0 6.77 0 
0.01 0.10 0 6.56 0 
0.01 0.05 0 6.96 0 
0.01 0.01 0 6.50 0 
0.01 0 0.15 5.81 120 
0.01 0 0.10 5.63 106 
0.01 ) 0.05 5.93 90 
0.01 0 0.01 6.82 96 
0.01 0.10 0.10 6.04 100 
0.01 0.01 0.01 6.80 0 
0.01 0.10 0.01 6.77 0 
0.01 0.01 0.10 5.69 100 


The effect of added Ca in this experiment is interesting, since the 
standard medium (without Ca addition) already contained 0.1 % 
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CaCO . The fact that CaCO, is not effective in this connection shows 
that only calcium ions in solution can effect the resistence 
to ascorbic acid. 

The fact that microbial requirements for Ca as a nutrient are 
extremely low, combined with the antagonistic effects of Na ions 
as shown in table III, indicate that in all probability the added Ca 
acts here on the colloidal systems of the cytoplasm, either by 
changeing the permeability of the cell membrane for ascorbic acid 
or by changeing the specific adsorption of this redox system. 

The effect of the ions seems to be still more complex than would 
appear from the data shown in tabel III. For instance, the addition 
of NaOH allowed the development of Azotobacter in media con- 
taining reducing substances within certain limits. For example in 
media containing 0.1 % ascorbic acid or 0.1 % cysteine (used as 
hydrochloride) the addition of NaOH, necessary for their neutrali- 
sation, allowed the development of Azotobacter. The same effect 
was sometimes observed in media containing 0.1 % alkaline Na,S. 
Thus the paradox appeared that substances which were toxic at 
concentrations of 0.01 % could be endured at concentrations of 
0.1%! The effect of the ionic relations in the medium was often 
very inconvenient, as impurities of the chemicals used or changes 
in the water used for the preparation of the culture solutions often 
greatly influénced the results of the experiments. 

We are still far from having a detailed insight into this very 
complex problem. We can only say that the influence of reducing 
substances upon the development of Azotobacter is highly affected 
by certain ionic relations in the medium. 


6. THE INFLUENCE OF ORGANIC SUBSTANCES ON THE DEPENDENCE 

OF Azotobacter ON THE REDOX POTENTIAL OF THE MEDIUM. 

It is well known that the inhibiting action of media which are 
too highly reduced or oxidised to allow of a normal development 
of certain bacteria, may be overcome by using a heavy inoculum. 
This is generally interpreted as being due to the ability of the 
bacteria to poise the potential in their immediate vicinity. Such an 
explanation appears reasonable in the case of highly oxidised 
media. However, as nearly all bacteria markedly decrease the 
potential of the surrounding medium, it is difficult to understand 
how a heavy inoculum could be beneficial when the potential of 
the medium is too reduced. 

We observed that in certain circumstances the harmful effect of 
reducing substances could be overcome not only by using a heavy 
inoculum but also by the addition of a sterilized filtered culture of 
Azotobacter. This filtrate was prepared from a well developed 
culture of Azotobacter in the normal standard solution and sterilized 
at 120° C., after which it was added to the culture solution in a 
concentration of 2.5% by volume. The effect of this addition is 
shown in table IV. 
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The development of Azotobacter in the presence of reducing 
substances and Azotobacter filtrate. The development of the bacteria 
is expressed nephelometrically as percent of turbidity of standard 
control. 


‘ Azotobacter Eh 

reducing % filtrate pH in development 

enue in % by volume mV 
pala ge Del ek Cee ee El 
control 7.50 520 100 
ascorbic acid 0.01 0 7.67 314 0 
ascorbic acid 0.01 2.5 7.58 300 142 
ascorbic acid 0.01 0.25 7.68 325 136 
ascorbic acid 0.01 0.025 7.72 307 0 
cysteine 0.01 0 7.30 368 10 
cysteine 0.01 2.5 7.42 281 100 


The data of table IV show the influence of Azotobacter extract 
to be very pronounced. As its activity was destroyed by ashing, the 
active materials are organic in nature. We still cannot say whether 
the filtrate is active by the presence of certain nutritive substances 
or by the activity of vitamin-like substances. We merely want to 
stress the fact that growing cells of Azotobacter secrete certain 
substances into the surrounding medium which permit development 
at lower potentials than would be possible in their absence. This 
explains how cells of Azotobacter help one another to grow at low 
potentials. This is important, since Azotobacter itself markedly 
decreases the potential in its environment e.g. after an incubation 
period of four days potentials as low as 75 mV could be observed 
in inoculated culture media kept under aerobic conditions. The 
potential rapidly increases when metabolic activity is suppressed. 
The potentials observed in growing cultures of Azotobacter were 
much lower than the potentials which proved toxic in the experi- 
ments shown in table II. Though it is possible that the tolerated 
oxidation-reduction range is widened as the cells grow older (as 
has been suggested for anaerobic bacteria by VENNESLAND and 
HANKE (12)) the influence of the substances secreted into the 
medium will play a role by allowing the cells in the logarithmic 
phase to live at potentials which would have been toxic during the 
lag phase. Furthermore, the excretion of these substances might 
explain the fact that in media with too low a redox potential, 
on inocula may initiate development while light inocula fail 
to do so, 


Discussion. 


If the medium and the cell were two systems in thermodynamic 
equilibrium being in contact with each other through a fully 
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permeable membrane one could expect a close relationship between 
the redox potential of the medium (which then would be equal to 
the redox potential of the cell) and the development of the cell. 
This, however, is not the case. In a medium under anaerobic con- 
ditions a thermodynamic equilibrium may be reached, though it 
may take considerable time for this equilibrium to become es- 
tablished. Under aerobic conditions equilibrium is only reached 
when all reducing substances have been oxidised by the air. As 
long as an equilibrium has not been reached, the potential measured 
at the electrode is mainly determined by kinetic factors and may 
consequently be highly influenced by catalytic agents. PLorz and 
GELoso (11) already showed that the potential of anaerobic so- 
lutions of glucose can be lowered by the addition of platinized 
platinum. The same results may be attained by the catalytic 
activity of the living cell! This is one of the reasons why redox 
systems may establish a potential in the cell quite different from 
that in the medium. 

There are some other reasons for this belief. ABRAMSON and 
TAYLOR (1) and Korr(10) have shown that the reduced and 
oxidised forms of many reversible redox systems are unequally 
adsorbed by many adsorbing substances resulting in a change in 
the redox potential. So we may expect that even when a reversible 
redox system is in perfect thermodynamical equilibrium in the 
medium the reduced and oxidised forms of this redox system will 
be unequally adsorbed by the cell colloids, so that within the cell 
an entirely different potential is established. 

It is common knowledge that the living cell as a whole is not in 
thermodynamic equilibrium. The determination of the redox 
potential of the cell as performed by many authors is useless, since 
the redox potentials in the cell differ from point to point. The cell 
contains a great many respiratory enzymes, reversible redox 
systems, which are only active at a definite potential. One of the 
first requirements for a good metabolic functioning of the cell is 
that the distribution of the potentials in the cell is not disturbed. 
However, disturbances may result when reducing or oxidising 
substances are present externally, whose potentials may be carried 
by permeable redox systems into the cell. For this to happen either 
the redox systems determining the potential of the medium itself 
must enter the cell, or some other redox system which can enter 
the cell and whose normal potential is not too far removed from 
the potential of the medium must act as a , potential carrier’. 

When a redox system enters the cell the intracellular potentials 
will not only be influenced by this external system, but the potential 
of the latter will be changed as well by the oxidising or reducing 
properties of the cell contents. The final potential produced in the 
cell will depend not only on the original potential of the external 
redox system but also on the poising capacity of this substance 
in relation to the poising capacities of the intracellular redox systems. 
This poising capacity of the redox system which enters the cell 
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depends on the concentration of this redox system and on its 
normal potential where the poising capacity is the most pronounced. 

The redox potential of the medium can only influence the de- 
velopment of the cell, when the redox potentials in the cell are 
changed. In view of the different ways in which the potentials in 
the cell may be influenced by the potentials of the medium it is 
not surprising that the relation between the redox potential of the 
medium and the development of the cell is very complex. Though 
in general there will be a definite relation between the redox 
potential of the medium and the development of an organism, 
this relation may be influenced by different factors: the normal 
potential of the redox systems establishing the redox potential of 
the medium, the concentration of these substances, the permeation 
and the adsorption of the redox systems, other factors of the 
medium influencing this permeation and adsorption, other factors 
of the medium influencing the metabolic activities of the cells 
and so on. 

It has not proved possible to obtain growth of aerobic organisms 
undcr anaerobic conditions by adding redox systems other than 
oxygen which establish a high redox potential in the culture 
solution. This was to be expected. Oxygen not only allows certain 
metabolic reactions in the cell to proceed by establishing a suitable 
potential, but itself takes part in these reactions. During the 
respiration of the cell oxygen acts as an acceptor of electrons and 
is reduced by the enzymes of the cell. When oxygen is replaced 
by some other redox system it is not at all certain that this redox 
system can act in the same way with the respiratory enzymes of 
the cell. Furthermore, this redox system must be added to the 
medium in a high concentration to take care of the continuous 
reduction of the oxidised form by the activity of the living cell. 
On the other hand the concentration of oxygen in the medium can 
be relatively small, since the oxygen, when reduced, is continuously 
replaced by diffusion into the medium from the air. So while the 
active concentration of oxygen may be very small, the atmosphere 
acts as an immense oxygen buffer. Finally, the difficulties en- 
countered when trying to replace oxygen by other redox systems 
may be caused by the specific peculiarities of oxygen with regard 
to its permeability or specific adsorption. 


Summary. 


1. Under aerobic conditions the development of Azotobacter is 
suppressed by the presence of reducing substances in concentrations 
lowering the aerobic potential more than + 120 mV. 

2. The development of Azotobacter is not only retarded by the 
presence of these reducing substances, but the cells are killed. 

3. Under anaerobic conditions no development of Azotobacter 
could be observed even when the solution was poised at a high 
redox potential. The cells were not killed by the anaerobic con- 
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ditions; as soon as aerobic conditions were restored, a rapid de- 
velopment of Azotobacter was observed. 

4. When the anaerobic conditions coincide with a low redox 
potential e.g. in culture solutions containing glucose, the cells of 
Azotobacter were killed. 

5. The limits of potential endured by Azotobacter appeared to be 
dependent on the relations between the ions in the medium. 

6. The cells of Azotobacter secrete certain substances enabling 
them to develop at low potentials. 

7. The conclusion is drawn that the development of Azotobacter 
is in general influenced by the redox potential of the medium. 
However, this influence may be very complex, as the potential of 
the medium is only important in so far as the redox potential(s) 
in the cell are changed. The factors influencing the relation between 
the redox potential of the medium and the redox potentials of 
the cell are discussed. 

8. For Azotobacter, oxygen cannot be replaced by other redox 
systems with a suitable redox potential, most probably because 
these redox systems have to react with the respiratory enzymes 
of the cell. 
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A PECULIAR EXAMPLE OF BACTERIAL 
ANTAGONISM 


by 


J. I. TERPSTRA 
(Received October 9, 1946). 


Some time ago we noted an antagonism between two different 
species of bacteria. The case was the following: 

On an agar plate which had been uniformly seeded with bacteria 
(Pasteurella avicida) and on which the colonies had appeared after 
24 hours’ incubation a circular area occurred in the centre of which 
a bacterial colony atypical for oval bacilli had developed: In this 
area with a radius of | cm no further colonies had developed. 
The central colony was transferred, grown in pure culture and 
inoculated in dots on plates which a short time earlier had been 
seeded with oval bacilli. After 24 hours’ incubation again, among 
the regularly occurring colonies of oval bacilli, circular emptv 
spaces could be noted in the centre of which the culture which 
had been inoculated in dots had developed a colony. 

Evidently a phenomenon of antagonism between different 
microbes was met with here. When investigated more closely the 
following properties of the inhibitory bacterium were brought to 
light. 


Microscopical properties of an agar culture. 

Gram positive coccus. When studied more closely the picture 
as to size and staining intensity of various forms and their mutual 
grouping is far from uniform and pictures can be noted in which 
it is difficult from the forms occurring simultaneously to construe 
their physiological sequence. The Giemsa preparations served 
best in this respect. In these the following could be noted: cocci 
of different size, staining more or less intensively. They occur 
singly and in groups, tetrades predominate. The single cocci as 
well as the groups are surrounded by a capsule which shows as 
a light refracting zone. Evidently the divisions of the cocci are 
directed perpendicularly one upon the other. The following pictures 
make this probable: Large somewhat oviform organisms, staining 
intensively blue, in the centre of which the color may be faded out, 
suggestive of two cocci. Groups of two cocci in the centre of either 
of which the color has faded out, however, in a direction perpen- 
dicular on that of the preceding division, thus groups of four cocci 
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becoming visible. The separate organism of these groups of four 
are often smaller than the organisms occurring singly and inay 
be sickle- or rod-shaped. They may more frequently be noted in 
older than in younger cultures. Preparations from broth cultures 
do not differ essentially from those from agar cultures. 


Cultural characteristics.: 

In agar cultures fairly small, originally grey translucent colonies 
which coalesce and develop within 24 hours into a fairly thin 
pellicle. In broth culture an even slight turbidity with a sediment 
which whirls upwards in strands when shaken. The growth in serum 
agar and in serum broth is somewhat more abundant than on agar 
or in broth. 

In bloodagar the nutrient medium under the colony and in its 
direct neighbourhood is partly clarified. 

Growth under aerobic and anaerobic conditions. Growth at a 
pH of 6.0 and 7.6. Optimal growth at 37°C., possible, however, 
at room temperature and lower. Killed off after 30’ at 60°C. 
Gelatine is not liquefied. Indole negative. Litmus milk unchanged. 
Reduction of nitrate slightly positive. Methyl red test negative. 
Acid is formed out of glucose, lactose, maltose, glycerol, salicine 
and saccharose. No changes in inuline, mannitol, trehalose, sorbitol 
and amygdaline. Catalase slightly positive. No disease could be 
induced in mice or guinea-pigs by subcutaneous or intraperitoneal 
injection, neither in rabbits by intravenous injection. 

These properties seem to warrant the conclusion that these 
cocci belong to the genus Ga/fkya. 


For several bacteria their degree of sensitiveness against these 
inhibitory bacteria (I.B.) was established. Most sensitive were 
Pasteurella avicida, Bacillus orpheus and Staphylococcus. Sensitive 
were Brucella abortus, Shigella equilli, Bacillus anthracis, Coryne- 
bacterium pyogenes. Slightly sensitive to insensitive were Escherichia 
colt, Salmonella abortus equi, Shigella dysenteriae, Salmonella typhi- 
murium, several strains of Streptococci, Escherichia rhusiopathiae. 

This sensitiveness has been studied on agar plates. This may 
be carried out in various ways, ¢.g. the agar plate is seeded uni- 
formly with the bacterium to be tested and the I.B. is inoculated 
in dots on some areas of the same plate. By these means during 
incubation circular empty spaces arise of a size depending on the 
sensitiveness of the former bacterium. On the other hand it may 
be studied whether the growth of the I.B. in its turn is inhibited 
by another bacterium by seeding the agar surface uniformly with 
the former and inoculating one of the other bacteria in dots among 
them. Also some bacilli have been studied in this way. Thus for 
instance under such conditions a Staphylococcus appeared to be 
able to inhibit the growth of the original I.B. in a small measure 
and Bacillus orpheus did so in a fairly high degree. Tested under 
definite conditions Staphylococci appeared to be unable to develop 
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within a distance of 16 mm of the I.B., whilst still higher values 
were obtained with Bacillus orpheus and oval bacilli. 

By such simple means an impression is gained whether various 
bacteria influence each other strongly and in which direction. 
This is a mere question of observation. 

Establishing, however, the actual cause of the inhibition is quite 
another question, which first of all offers theoretical problems. 
Which should be the leading idea in the starting of the experiments? 
For the sake of simplification it has been assumed in this investi- 
gation that the inhibition of growth is due to a definite chemical 
substance, thus the function of the bacterium being substituted 
by the action of a chemical substance. It is clear, however, that 
this is merely allowed under definite conditions. In fact the problem 
is put simpler than it actually is. An inhibiting symptom is a 
result of the interaction of two living organisms, where factors 
such as pH and redox potential, temperature and nutrition play 
an important part. 

For different bacteria the optima for these factors may lie on 
quite different levels. Therefore it has been tried to explain the 
inhibiting symptoms by studying the I.B. in its behaviour towards 
a definite bacterial species, e.g. a Staphylococcus. For it is very 
improbable that the I.B. would modify the pH and redox potential 
of the medium in such a degree that the Staphylococcus would 
be injured. In fact when, tentitavely the medium has been supplied 
with an indicator, the color is not altered in a measure indicative 
of great changes, at all events not in a measure injurious for the 
Staphylococci. Likewise as for the I.B. the optimal growth of the 
Staphylococcus occurs at 37°C. and it develops well on agar. It 
is further improbable that the I.B. would draw substances of such 
a nature from the nutrient medium that the growth of the Staphylo- 
coccus would be rendered impossible. The correctness of this as- 
sumption has been confirmed by later experiments. 

The assumption that the inhibition would be caused by a definite 
chemical substance has still further consequences for the experi- 
ment. In fact the action of a substance on the function of a living 
organism may be growth stimulating or inhibiting whilst also both 
actions may occur side by side; this depends on the nature as well 
as on the concentration of the substance. In fact a substance in 
high concentration may act lethally, in low concentration growth 
inhibiting and in very low concentration even stimulating. The 
possibility, however, that the experiment may evidence this, 
depends on the rate of diffusion of the substance and on the height 
of the layer of agar. In a deep layer the substance will be diluted 
in a limited space at a quick rate and it will be hard to distinguish 
zones where growth is inhibited from those where it is stimulated. 
Thus it is advisable always to use layers of a same height, which 
has to be relatively low. 

In judging the action of the substance it has to be kept in mind 
that the result may differ quantitatively as well as qualitatively 


A peculiar example of bacterial antagonism. 47 


according to the stage of development of the germs acted upon 
v1z., in repose, dividing or having formed colonies. Either bacterium 
thus will have to be tested in the various stages and in definite 
amounts. 

Taking these considerations into account finally the experiments 
were put up as follows: 


1. As it has been noted that Staphylococci, inoculated in various 
ratios against an J.B., were inhibited over a distance of more than 
15 mm, it was deemed probable, that the chemical substance would 
have a considerable rate of diffusion and thus might be filtered 
off. In order to ascertain this, filtration experiments were run, 
in which the I.B. was filtered from broth culture through a Seitz 
filter E.K.; subsequently inhibition tests on agar have been 
carried out. 

The result, however, was very unsatisfactory. Although a {ew 
times it might appear that the filtrate would inhibit the Staphylo- 
cocci, this action was very inconstant and at all events much 
weaker than that of living bacteria. The filtration tests were 
repeated several times with broth cultures of various ages — from 
5 hours to 10 days — and after various substances had been added, 
such as serum, peptone in various amounts, some sugars and 
glycerol. Besides the 1.B. were inoculated in a shallow layer of 
liquid (petri dish with broth) and in other cases I.B. and Staphylo- 
cocci simultaneously in broth in such a ratio that the former when 
streaked on an agar plate would have inhibited the latter. As the 
filtrate of all these cultures could not induce any inhibiting action 
it was concluded that either the inhibiting substance was difficult 
to separate from the bacteria in a broth culture or was formed 
in such minute amounts that it was hard to detect experimentally 


2. A 24 hours’ agar culture of the inhibitory bacterium is shaken 
off with some ml of broth. A drop of this broth culture is streaked 
over the surface of an agar plate. When this streak is dried up, 
perpendicularly on the thus prepared culture a drop of a Staphylo- 
coccus culture is streaked. After 24 hours’ incubation at 37°C. the 
I.B. appears to have developed over the total length of the plate, 
whilst the growth of the Staphylococci has been interrupted over 
a distance of some 6 mm (Fig. 1). 

When this inhibition zone is studied with a pocket lens, it strikes 
that in the immediate neighbourhood of the I.B. no trace of growth 
of Staphylococci can be detected whilst at a certain distance of 
the I.B. in the direction of the non-inhibited colonies of Staphylo- 
cocci small colonies occur. These colonies vary in size but are all 
much smaller than normal ones and they occur mostly separately. 
They are circular and mostly translucent. When these colonies 
are transferred into broth the smaller ones do not develop, whilst 
the larger ones do. aaah 

a. A Gram preparation of the inhibited colonies of smaller size 
offers the shadowy picture of cocci, which have generally taken 
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on the stain poorly and are faded, whilst often they have not 
stained positively. 

In the above case the Staphylococci are thus inhibited in growth. 
The inhibition in the vicinity of the I.B. is the result of a lethal 


Fig. 1. 


action; starting from the I.B. The inhibition in the neighbourhood 
of the non-inhibited Staphylococci is the result of a growth inhibi- 
tion which has left the vitality unimpaired. 

b. When the latter experiment is repeated, modifying the ratio 
of I.B. and Staphylococci, the zone of inhibition appears to increase 
along with an increase in the amount of the I.B. (up to 16 mm) 
and to decrease when the amount of Staphylococci is increased, 
so that finally the Staphylococci — be it in a very small measure — 
may inhibit the growth of I.B. 

c. A definite amount of I.B. is inoculated as under a against 
a definite amount of Staphylococci. The plates are inoculated at 
37° C. under anaerobic conditions. The degree of inhibition, 
measured by the size of the inhibition zone appears to be smaller 
than when incubated aerobically. In judging this result it has to 
be kept in mind that the growth of either organism is probably 
acted upon differently by the change in conditions. Thus without 
closer investigation the conclusion may not exceed the statement 
that under anaerobic conditions the inhibiting substance as well 
is formed. 

d. Agar plates of different pH, e.g. 6.0 - 6.8 - 7.2 and 7.8 are 
all inoculated as under a. In all those cases the Staphylococcus is 
inhibited. The strongest inhibition occurs at pH 7.2 and 7.6. In 
what measure this phenomenon may depend on the modified 
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possibilities of growth for the different bacteria failing any further 
study must be left open. 

e. Serum agar and blood agar plates are inoculated as under a 
and incubated at 37° C. Under these conditions the Staphylococcus 
is inhibited in a markedly lower degree. The possibility, however, 
that the Staphylococcus might for its growth draw more advantage 
from the serum or blood supplied than the I.B. is not excluded here. 


3. Various agar plates are streaked as usual with a culture of 
Staphylococci. One of these plates moreover is inoculated with 
the I.B., the streak being directed perpendicularly over the former. 
Then the plate is incubated 24 hours at 37°C. The other plates 
are incubated directly and are inoculated with the I.B. after 2.5, 
5, 7 and 24 hours respectively; after a further 24 hours’ incubation 
they are judged as to inhibition. In the latter cases the Staphylo- 
coccus has been given the advantage in development of a varying 
number of hours. It appears that the inhibition zone which for a 
simultaneous inoculation would have amounted to about 10 mm, 
after a lapse of 2.5 hours has decreased to 8 mm, of 5 hours to 5 mm 
and of 7 hours to 2 mm. After a lapse of 24 hours, when the Staphylo- 
coccus had completely developed, naturally no inhibition zone 
occurred. From the latter plate, however, a trace of Staphylococcus 
culture was taken on the spot where the I.B. touched the Staphylo- 
coccus. With this material broth was inoculated. After 24 hours’ 
incubation this culture of Staphylococci appeared to have developed 
normally. 

Thus it may be concluded from this experiment that the I.B. 
inhibits the growth of Staphylococcus merely in a definite stage of 
development of the latter. When the Staphylococcus has developed 
normal colonies, it is apparently not further acted upon. 


4. The I.B. is streaked on a number of agar plates. One of these 
is streaked directly in the usual way with the Staphylococcus and 
incubated. The other plates are streaked with the Staphylococcus 
and incubated after 1 x 24 hours, 2 x 24 hours and 4 x 24 hours. 

The inhibition zone, which at direct inoculation by both organisms 
and after a 24 hours’ advantage of the I.B. amounts to about 
10 mm, has decreased on the plate which has been streaked with 
Staphylococcus after 48 hours to 2 mm. Moreover some Staphylo- 
coccus colonies have developed next to the I.B. colonies already 
developed on the spot where both species of bacteria coalescence. 
This is still more distinct on the plate which has been inoculated 
with the Staphylococcus after 72 hours, whilst in the plate kept 
96 hours before inoculation the Staphylococcus did not suffer any 
injury from the I.B. 

From this and the former experiment it may be concluded that 
the occurrence of the inhibitory effect depends on the stage of 
growth ‘of either bacterium. On one hand uo influence can be 
noted when the culture of Staphylococcus has already developed 
completely; on the other hand the I.B. can merely act during its 
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active growth, e.g., in the first 24 or 48 hours after its transfer. 
In the following the lapse of time during which inhibiting sub- 
stances are formed is studied more closely. 


5. The I.B. is inoculated in the centre of some agar plates by 
streaking out one drop and incubated during periods of different 
length (viz., 1, 2, 4, 7, 16, 24 hours, 48 hours and 13 days). 

Then the part of the nutrient medium, upon which the I.B. 
has developed is cut out and a Staphylococcus is inoculated on the 
remaining part of the plate adjacent to the part cut out, whereupon 
the plate is once more incubated. The occurrence either of inhibition 
of growth, partial growth or full development was a measure 
whether the I.B. within a definite period had formed sufficient 
inhibiting substances. The result was that after a 2 hours’ growth 
of I.B. a partial inhibition might occur, whilst after 5 hours’ growth 
the concentration of the inhibiting substance was such that the 
Staphylococci were completely inhibited in growth. A same com- 
plete inhibition occurred also after 16 hours’ growth; whilst often 
on plates on which the I.B. had grown during 24 hours a marked 
decrease in inhibition could be noted. On plates having been seeded 
still earlier any inhibition was mostly quite out of question. 

Thus it may be concluded that the formation of inhibiting sub- 
stance in notable quantities occurs within the initial 24 hours of 
growth, whilst it has to be assumed that the durability of these 
substances in the nutrient medium is fairly small. The following 
experiment aimed at the gaining of an impression of the length 
of this durability. 


6. Agar plates were inoculated with I.B. as under 5 and in- 
cubated and cut out likewise. This time, however, they were not 
inoculated directly with Staphylococcus but after a varying lapse 
of time. It appeared that in some cases after 3 hours, in other 
cases, however, not even after 8 hours a decrease in the inhibiting 
effect could be noted. Plates which had been seeded with Staphylo- 
coccus directly after the cutting out of the I.B. served as controls. 

Whereupon depends this relative indurability of the inhibiting 
substances? Apparently two possibilities might be assumed: in 
activation or evaporation of the inhibiting substance. As far as 
known to us inhibiting substances which may be detected in a 
nutrient medium as mentioned and are volatile as well, have not 
been described up till now. Notwithstanding this some experiments 
have been put up which might point to the existence of a certain 
volatility. 


7. A drop of culture of Staphylococci is streaked in the usual 
way on the agar plate. On either side of this streak, part of a slide 
is placed. A piece of agar which has been inoculated about 5 hours 
earlier with I.B. is placed over the culture of Staphylococci in sucha 
way, that its ends rest on the slides. Both species of bacteria are thus 
separated by a thin layer of air and the layer of agar seeded with the 
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I.B. The plate is incubated at 37° C. After 24 hours the development 
of Staphylococcus appeared to be interrupted in the region exactly 
below the piece of agar inoculated with the I.B. When this experi- 
ment was repeated with freshly inoculated pieces of agar, hardly 
ever any inhibition could be noted. Inhibition, however, could 
actually be found, when the nutrient medium had been seeded 
with I.B. 5 hours before the pieces of agar inoculated with Staphylo- 
coccus were placed over it. This, however, succeeded merely when 
the seeded surface of the piece of agar was directed towards the 
culture of J.B. 

One is apt to explain these symptoms by assuming that the 
substances formed by the I.B. volatilize during or after diffusion 
in the agar medium and in such a concentration that they may 
inhibit the growth of Staphylococcus at a small distance. 

Two symptoms, however, occurred in these inhibition tests, 
which were studied more closely. 

a. In the whole series of tests it was especially at the start 
that the regions of inhibition were sharply limited. The spot where 
the Staphylococci were completely inhibited bordered abruptly on 
a zone of uninhibited growth. It was remarkable that in the ex- 
periment in which the agar bridge had been seeded with I.B. its 
form induced the shape of the inhibited region in the petri dish. 
Thus the impression was gained that the inhibition would proceed 
in a definite direction. 

b. When the height of the layer of air between Staphylococcus 
and I.B. had been increased by means of placing a second slide 
on the top of the first, no inhibition of growth could be noted. 

So the inhibition through the air seemed to be connected with a 
definite minimum distance. 

It was studied in how far symptoms a and b were actually signifi- 
cant and might agree with the properties of a volatile substance. 


8. The experiment was put up as under 7 with two agar plates. 
In one of them, however, by special dewice disturbance of the air 
was brought about. It was expected that along with the air the 
volatile substances would be transported and the inhibition would 
no longer be sharply directed. The result, however, offered no 
change in the nature of the inhibition; the direction of the in- 
hibition was unchanged when compared with the control. 

In judging this negative result the possibility has to be kept in 
mind that normally the ventilation in a petri dish might be such 
that its modification might not bring about any change in the in- 
hibitory effect. Thus this experiment was not repeated. Moreover 
later experiments showed that directed inhibition might tally with 
the presence of a volatile substance and that under influence of 
certain conditions inhibition in definite direction might got lost. 

In fact when these experiments were repeated after a month, 
the inhibitory effect could no longer be induced, whilst the ex- 
perimental conditions apparently had remained the same. It was 
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not deemed probable that this would be caused by some change 
in the biochemical behaviour of the I.B. as numerous subcultures 
originated from earlier cultures could neither induce the effect. 
Moreover inhibition in the nutrient medium where both species 
of bacteria had been inoculated side by side or over each other, 
occurred in a same measure as formerly. The cause of this change 
in behaviour, however, was looked for in a change in the nutrient 
medium set in meanwhile, which had been left unnoticed, the 
more so as a fresh batch of nutrient agar had been used. When the 
test was repeated on nutrient agar derived from other laboratories 
the inhibiting effect appeared to occur again on some media and 
in several cases even much more strongly than originally. In the 
latter cases the extension was such that no connection could be 
traced with the shape of the piece of agar applied; thus no definite 
direction of the inhibition appeared to occur (Fig. 2). 


Fig. 2. 


The connection of the inhibition through the air with a definite 
minimum distance neither appeared of essential significance as 
may be concluded from the following. 


9. Some watch glasses are filled for the greater part with agar 
and inoculated with the I.B. and incubated during 5—10 hours. 

Staphylococcus is streaked on large agar plates and the watch 
glasses with the seeded surface directed towards the Staphylococcus 
cultures are placed on the agar plate and shut off air tight by means 
of paraffine. By these means the Staphylococci in a narrowly 
limited space are at a distance from the I.B. slightly exceeding 
the thickness of a slide. Ig a few cases the Staphylococci after 
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incubation appeared not to have developed in contradistinction 
to control cultures put up simultaneously. So it was shown that 
the inhibiting effect through air may be induced over a wider 
distance when any ventilation, e.g. a decrease of the concentration 
of the inhibiting substances, has been prevented. 

The fact that the inhibiting effect, transmitted through the gas 
phase under anaerobic conditions often may be induced over a 
wider distance than aerobically agrees with the above. 

The latter tests point very strongly to the presence of a volatile 
substance and thus the fact that inhibiting substances fairly soon 
after their origin can no longer be detected in the nutrient medium, 
may be ascribed to this property. 


Antibiotica which may be detected by their diffusion in the 
medium as well as by their volatibility outside the medium ap- 
parently have not been described thus far. In the summarizing 
work of WAKSMAN on antibiotica (1945) no example of such symp- 
toms is apparently offered. Thus it would be of value to know 
the exact conditions needed for the induction of this symptom. 
It is clear that these are not completely known as yet. Nutrient 
media seemingly of the same composition offered different results 
as soon as inhibition induced at distance was aimed at. 

Initially the cause was looked for in a difference in the heat of 
sterilization and in fact a stronger heating of the agar medium 
appeared sometimes to favour the inhibitory effect through the 
air. This was, however, by far not always the case. Besides it ap- 
peared that in various parts of a same plate inhibitions of various 
strength might be induced. Moreover, in how far the condition 
of the I.B. has to be taken into account for its explanation and 
whether eventual currents of air may play a part, are questions 
hard to answer. 

But next to these unanswered questions the remarkable fact 
holds good that in many well-controlled cases an inhibiting symptom 
between two species of bacteria which were not in mutual contact 
by means of the nutrient medium could be noted. The assumption 
that volutatile substances, formed by one or either of these species 
will induce this phenomena, seems the only conceivable one. 


Summary. 


An example of antagonism has been described. The properties 
of the growth inhibiting bacterium have been investigated more 
closely. These appear to agree nearly fully with those of the genus 
Gaffkya. -; 

The development of Pastewrella avicida, Bacillus orpheus and 
Staphylococcus was strongly inhibited by this bacterium. Other 
species are less sensitive or insensitive. 

After the theoretical problems have been discussed, which such 
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investigations give rise to, it has been studied under which con- 
ditions Staphylococci are inhibited. 

The occurrence of the inhibition effect depends on the stage of 
development either bacterium is in; Staphylococcus having de- 
veloped completely it will not notably be acted upon. Initially 
inhibition of growth occurs along with dying off of Staphylococcus. 
In a somewhat later stage the vitality remains unimpaired. 

The inhibiting bacteria produce inhibiting substances merely in 
the first 24 hours. In the filtrate of a broth culture these are hard 
to detect. Their behaviour in agar plates makes it apparent that 
their action depends strongly on the concentration of the an- 
tagonist. 

The durability of the inhibiting substances in the agar medium 
is not great. In all probability this depends on a volatibility of 
these substances. 


(From the Bacteriological Laboratory of Lever Brothers and Unilever N.V. 
Rotterdam). 


A REACTION ON THE FORMATION OF HYDROGEN 
PEROXIDE BY MICROORGANISMS 
IN SOLID MEDIA 


by 


A. KNETEMAN 
(Received November 11, 1946). 


SOHNGEN (9), in a publication on changes manganese compounds 
undergo by microbiological processes, described the dissolution of 
manganese dioxide in agar plates by bacteria growing on the 
surface. The black precipitate obtained when mixing solutions of 
manganous sulfate and of potassium permanganate was used by 
SOHNGEN in these experiments. 

Several microbes appeared to be able to dissolve this preparation 
of manganese peroxide present in the nutrient medium, such as: 
sporeforming aerobes, coli bacteria, yeasts, lactic acid bacteria, 
Oidium lactis, etc. 

This reaction was attributed by SOHNGEN to the formation of 
organic oxy-acids from glucose by the organisms as it was found 
that when small quantities of pure oxy-acids: lactic acid, citric 
acid, gluconic acid, tartaric acid, malic acid, etc. were put on the 
surface of such agar plates, the black oxide was dissolved leaving 
transparent fields. Other acids such as fatty acids, succinic acid 
and others not belonging to the oxy-acids and also the mineral 
acids phosphoric and sulfuric acid did not dissolve the peroxide. 
There was one exception v7z., oxalic acid; although being no oxy-acid 
it readily dissolved the MnQ,. 

When repeating these experiments, the results obtained by 
SOHNGEN could be confirmed. However, we observed a considerable 
difference as regards the action of the pure acids compared with 
the action of bacteria. The latter dissolved the dioxide far more 
vigorously than did the pure oxy-acids. The transparent fields 
around the colonies sometimes were so large that it became very 
improbable that these were caused solely by the oxy-acids formed. 

We further found that when using the mineral ,,Pyrolusite” in 
finely powdered form (henceforth indicated in this publication as 
m.d.o.) instead of the manganese dioxide obtained by precipitation 
as used by SOHNGEN in the culture plates, this showed a distinctly 
different behaviour. The mineral m.d.o. was found to be dissolved 
by a comparatively small number of different bacteria species. They 
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all belonged to the group of lactic acid bacteria and allied micrococci 
and streptococci. The bacteria mentioned by SOHNGEN as positive 
on his plates, viz., sporeformers, B.coli, B.aerogenes, yeasts, Ps.fluo- 
rescens, etc. did not dissolve this m.d.o. 

Further it was found that certain moulds also were able to dis- 
solve the mineral m.d.o. in the plates. 

Contrary to SOHNGEN’s observations most of the organic acids 
mentioned before did not dissolve this form of manganese dioxide. 
Among the acids tested only oxalic acid, ascorbic acid, citric acid 
and pyruvic acid appeared to be able to dissolve the m.d.o. Of 
these acids oxalic acid and ascorbic acid dissolve the m.d.o. most 
vigorously. Small quantities of these acids when brought on a 
m.d.o. plate give considerable transparent fields even in the cold 
(+ 15° C.); citric acid does not react at all at this temperature 
not even if quantities of 200 mg are brought on the plates. 

However, at 30°C. a distinct dissolving of m.d.o. is noticed 
already with quantities of 10 mg citric acid. Pyruvic acid has only 
a very weak m.d.o. dissolving capacity; like citric acid it does not 
act at 15°C. but at 30°C. a small transparent field was obtained 
if larger quantities of the acid were used. As the latter four acids 
are certainly not produced in noticeable quantities by the bacteria 
involved in these experiments the phenomenon evidently must 
have another cause. The agent responsible for this reaction was 
found to be nothing else but hydrogen peroxide which combined 
with the acid produced simultaneously by the microorganisms 
dissolves the m.d.o. 

In the course of investigations carried out some fifteen years 
ago on the influence of oxygen on the metabolic processes of lactic 
acid bacteria it was observed that considerable amounts of hydrogen 
peroxide can be produced and that the injurious effect of the 
accumulation of H,O, could be neutralised by the addition of 
finely powdered pyrolusite. 

It is evident that the dissolution of the m.d.o. in culture media 
by bacteria must also be due to the formation of hydrogen peroxide 
and acid. Whilst in culture plates prepared with the mineral 
pyrolusite only H,O, is responsible for the reaction, in agar media 
prepared with the precipitated MnO, as used by SOHNGEN besides 
the organic oxy-acids also the H,O, in certain cases will play a part. 


PREPARATION OF THE M.D.O. MEDIUM. 

The m.d.o. medium is prepared as follows: 

As a basal medium meatbroth agar with the addition of 5 % 
yeast autolysate (10 % solids) and 1% glucose is used. Finely 
powdered pyrolusite in a 40 % suspension in water is autoclaved 
and kept ready for use in small plugged flasks. In petridishes of 
10 cm diameter about 20 cc of the basal medium is poured and 
after cooling and solidification a thin layer of the same agarmixed 
thoroughly with 4—5 drops of the m.d.o. suspension is poured 
on top of the first layer, The amount of m.d.o. suspension is 
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adjusted in such a way that the plate has a black appearance but 
is distinctly transparent. The basal medium can be changed when 
required; e.g. for the lactic acid bacteria in sour milk, starters, etc. 
ordinary whey agar to which after cooling down to + 50° C. sterile 
milk is added can be used advantageously. 

_In the experiments with SOHNGEN’s manganese peroxide the 
first mentioned basal medium was used. The precipitate obtained 
by mixing solutions of manganous sulfate and permanganate after 
washing was suspended in water and autoclaved. The plates were 
made ‘n the same way. 

In order to make quite sure as to the nature of the reaction on 
the culture plates described above and to prove that H,O, is indeed 
the principal reagent we carried out the following experiments. 
For comparison we have made use also of the well-known blood 
benzidine agar. 


Experiment. I. 

Several strains belonging to the group of lactic acid bacteria 
were tested by making streaks on m.d.o. plates as well as on 
PENFOLDs blood benzidine agar (7). The blood plates were prepared 
with the same basal medium without gtucose by adding 5 to 10% 
of a solution of 0.25% benzidine hydrochloride and 5 % fresh 
cow’s blood. The plates were incubated at 30°C. The result was 
that the strains which dissolved the m.d.o. also gave the well-known 
blueish-black coloration on the blood agar and none of the strains 
that failed to dissolve the m.d.o. reacted on the blood plates. This 
uniformity in reaction strongly suggests that in both cases the same 
reagent is active. 


Experiment II. 

Bacteria which dissolved the m.d.o, in the presence of air failed 
to do so when the plates were incubated in an anaerobic jar in a 
hydrogen atmosphere and also the bloodplates showed no reaction 
under these circumstances, although on both kinds of plates growth 
was abundant. If the same experiment was carried out with 
SGHNGEN’s peroxide this was found to be dissolved slightly, also 
by strains which did not give a reaction on m.d.o. or bloodplates 
in the presence of air. This must be ascribed to the formation of 
lactic acid (oxy-acid) which is not prevented by the anaerobic 
conditions. It must be emphasized, however, that the transparent 
fields are much larger when the plates made with the precipitated 
peroxide are exposed to the air. ; 

This experiment shows clearly that for the reaction on the m.d.o. 
and the blood benzidine plates the presence of oxygen is a necessary 


condition. 


Experiment III. ; 
The following experiment shows that the dissolving of m.d.o. 


in the solid medium and the reaction on the blood plates do not 
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take place as soon as the enzyme catalase is present. This could 
be demonstrated convincingly with the aid of special agar plates 
consisting of the following four layers of agar on top of each other. 
1. plain basal medium, 

2. the same medium with added m.d.o., 

3. basal medium containing an active preparation of catalase, 
4. a thin layer of basal medium. 

Plates of this composition inoculated with streaks of m.d.o. 
dissolving lactic acid bacteria did not show the reaction at all, 
which obviously must be due to the fact that the hydrogen peroxide 
formed by the bacteria on the surface of layer nr. 4 was decomposed 
by.the catalase in layer 3 before it could reach the m.d.o. in layer 2. 
The reaction, however, became visible when the plates were kept 
in the incubator for a Jong time (a week). This was caused by the 
excess of acid formed in the medium which either destroyed or 
inactivated the catalase. Thus the effect of the catalase is only 
striking as long as it is active and the experiment was very con- 
vincing when for comparison a similar plate was inoculated in 
which the catalase beforehand had been destroyed by heating. 

In the experiment carried out with the peroxide obtained by 
precipitation also a slight dissolution was observed as in the 
previous experiment with the exclusion of air and which is due 
to the formation of lactic acid. On blood benzidine plates covered 
in the same way with a layer of agar containing catalase no reaction 
was visible when inoculated with the same strains of lactic acid 
bacteria. 

The catalase preparation used for this purpose was made by 
treating a strong suspension of a catalase producing micrococcus 
with alcohol, separating the dead bacteria from the liquid by 
centrifuging, drying the bacteria on sterile filter paper and sus- 
pending them in sterile water. The prevention of these reactions 
by the presence of catalase — the specific enzyme which in living 
organisms, tissues, etc. decomposes the poisonous H,O, formed —- 
leaves no doubt that the principal reagent must be hydrogen 
peroxide. Moreover the following observations give additional proof. 

It was often found that under the streaks of strains which dissolve 
the m.d.o. most vigorously gasbubbles were formed in the agar, 
especially when the plate was covered by a layer of medium 
containing no m.d.o. It need not be proved that the gas developed 
can be no other than oxygen which through the presence of an 
additional layer of agar is prevented to evaporate. If the m.d.o. 
is omitted from the agar and lactic acid bacteria have developed 
on it, H,O, often can be detected by flooding the plate with 
SCHONBEIN’S reagent. 

Finally, as already said in the beginning of this paper, drops of 
H,O, together with some acid — be it lactic acid or sulfuric acid 
— readily dissolve the m.d.o. in the plates, whilst drops of acids 
alone do not (with the exception of oxalic, ascorbic and citric acid). 

From the observations mentioned above we conclude that the 
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dissolving of m.d.o. in the culture plates of the composition des- 
cribed without any doubt must be ascribed to the action of hydrogen 
peroxide formed by the microbes. Consequently this medium can 
be successfully used for the detection of H,O,-producing bacteria. 

The possibility that in our medium the m.d.o. is dissolved by 
the action of hydrogen donators, the m.d.o thus acting as hydrogen 
acceptor as was observed by MANN and QuasTEL (4) can be left 
out of consideration as in that case the reaction would also take 
place in an atmosphere free from oxygen. It is even possible that 
in MANN and QUASTEL’s experiments the transformation of manga- 
nese dioxide to manganous compounds in soils will be partly due 
to the formation of H,O,. This transformation took place only 
in the presence of glucose, and oxygen from the air not being 
ees the conditions for the formation of acid and H,O, are 
realised. 


REACTION OF THE MEDIUM. 


The m.d.o. medium before inoculation has a neutral reaction 
but as m.d.o, dissolves far better under the influence of H,O, in 
acid medium, it is essential that glucose is present. Hence the 
medium is especially suited for the detection of H,O, formed by 
those bacteria, e.g. the lactic acid bacteria, that produce acid from 
glucose and form no catalase. The addition of glucose, besides, 
has the advantage that the production of H,O, is greatly enhanced. 
For the same reason it appeared to be a considerable improvement 
to add glucose to the blood benzidine agar. In the first place — as 
already mentioned — the production of H,O, is greatly accelerated 
and in the second place the addition of glucose will impart an acid 
reaction to the medium, which acidity will stop the activity of the 
catalase present in this medium and deriving from the blood. It 
is contradictory that a medium like PENFOLD’s containing blood 
catalase would be suitable for the detection of H,O, formed by 
bacteria. An accurate observation of the reaction on these plates 
shows that in fact the medium itself does not acquire the dark 
colour but the dark coloration is limited to the colony. This can 
be explained by the fact that the blood pigment diffuses into the 
colony and there it reacts with H,O, formed — catalase being 
absent. However, H,O, diffusing into the agar will for the greater 
part be decomposed by the blood catalase present in the agar and 
consequently around the colony no reaction takes place. If on the 
other hand glucose is present in the medium a strong dark dis- 
coloration is also obtained in the agar as H,O, diffusing into the 
agar is not decomposed, the catalase being inactivated by the acid 
reaction. In accordance with this is the fact that a drop of 3% 
H,O, put on a PENFOLD blood benzidine agar gives practically no 
reaction, but a drop of H,O, mixed with some acid gives a strong 
reaction which must be due to the inactivation of catalase, 
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SOME REMARKS REGARDING THE USE OF M.D.O. PLATES. 


It has been stated before in this paper that bacteria which 
dissolve m.d.o. also give a positive reaction on blood benzidine 
agar. 

oThe lactic acid Streptococci from sour milk, however, give a 
positive reaction on d.m.o. plates but no or only a very slight 
reaction on blood agar even when it contains glucose or lactose 
as a source for acid production. This is due to the fact that these 
strains of lactic acid bacteria produce only little H,O, and conse- 
quently the m.d.o. medium is to be considered as far more sensitive 
for the detection of traces of H,O,. 

On the other hand strong reactions are obtained with the lactic 
acid bacteria as are met with in the industry of meat products 
and which are responsible for the discoloration of meats (see 
JENSEN (2)). Those non lactose fermenting bacteria produce 
considerable quantities of H,O, and also give a marked reaction 
on blood agar but in our opinion the m.d.o. medium in this case 
is also to be preferred. The addition of m.d.o. to culture media 
has the advantage that the agar does not become toxic through 
the H,O, formed and on account of this growth is greatly favoured 
and goes on for a longer time. 

For the preparation of stock cultures of lactic acid bacteria on 
slopes therefore, it can be recommended to add m.d.o. to the agar 
as this prevents an early death of the bacteria by H,O, poisoning. 
It is advisable not to add calciumcarbonate to the medium as this 
neutralises the acid formed from glucose and consequently the rate 
of decomposition of H,O, by m.d.o. is diminished. In fact H,O, 
is far more poisonous for these bacteria than the acid. A too high 
acidity can be prevented by reducing the amount of glucose in the 
medium. Is is essential to suspend the m.d.o. equally in the agar 
by rolling the tubes and covering them with ice. Finally we remark 
that it must be looked upon as an acquisition to have the disposition 
of a special culture medium for the detection of small quantities 
of H,O, instead of the blood benzidine agar generally used for 
the purpose. Fresh sterile blood in many laboratories is difficult 
to obtain whereas manganese dioxide is always ready to hand. 


FORMATION OF HYDROGEN PEROXIDE BY MOULDS. 


Several strains of moulds, mostly Penicillium species, have been 
isolated with the aid of m.d.o. plates and they showed the same 
reaction as the H,O, producing bacteria. As the mycelium of these 
moulds contained an abundance of catalase it was supposed that 
the dissolving of the m.d.o. in these cases was caused by either 
oxalic or citric acid formed from the glucose in the agar. 

It could be demonstrated that a number of these moulds indeed 
produced a considerable amount of oxalic or citric acid; however, 
for several strains the production of these acids could not be 
demonstrated, It is not yet clear to which reaction the dissolution 
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of m.d.o. must be ascribed in this case. It is possible that the 
reaction is due to H,O, formed in the medium indirectly through 
the action of the enzyme ,,glucose oxidase’, formed by the mould 
and diffusing into the medium, where it cataly ses theoxidation 
of glucose by atmospheric oxygen, thereby producing H,0,. 

Probably the same enzyme has been found in cultures of Asper- 
gillus niger by RaciBoRSKI (8) who ‘called it ‘iodide oxidase” on 
account of the formation of iodine from iodides when added to 
the culture liquid. KorczEwskxt (3) demonstrated the presence of 
H,O, in the medium and PEARCE (6) revealed the true nature of 
the enzyme showing that the formation of iodine was due to « 
secondary reaction between iodide and H,0O,, the product of the 
activity of the primary oxidation system, The enzyme responsible 
for the H,O, formation is identical with the ,,glucose oxidase”’ 
described by MULLER (5) and according to COULTHARD et al. (1) 
“Notatin” has the same enzymic properties. 

Several of the moulds isolated by us as m.d.o. positive showed 
a strong inhibitory effect on the growth of sensitive bacteria such 
as Staphylococcus aureus. When pieces of the agar on which the 
mould had developed were placed on a culture plate in which these 
bacteria were suspended large blank fields were observed. For 
several strains this inhibition took only place in the presence of 
glucose in which cases the inhibition may be due to the formation 
of H,O, by glucose oxidase. 

When exposing m.d.o. plates to the air the m.d.o. positive strains 
can easily be isolated. However, the number of positive strains 
is but small; among hundreds of colonies developing on such plates 
only a few are m.d.o. positive. The plates can also be used advan- 
tageously for the isolation of strains of Asp. niger which produce 
much citric acid, these strains giving the largest transparent fields. 
In this case it is advisable to use cane sugar in the plates instead 
of glucose or malt extract. 


Sal Ina y. 


In this paper a special culture medium for the detection of H,O, 
formed by bacteria producing acid from glucose and by certain 
moulds is discussed and the preparation of the same is described. 
This medium can be used with success instead of the blood benzidine 
medium and was found to be decidedly more sensitive in so far 
that it allows to trace very small quantities of H,O,. The mineral 
manganese peroxide as used in this medium differs in many respects 
from the precipitate obtained by mixing solutions of manganous 
sulfate and permanganate as used by SOHNGEN. 

Experiments with moulds have given indications as regards the 
production of a soluble glucose oxidase, 
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STUDIES ON STAPHYLOCOCCI 
I. THE PLASMA COAGULATION REACTION 
by 


J. H. BEKKER 
(Received December 24, 1946). 


It is often difficult to ascertain whether an isolated Staphylo- 
coccus is of pathogenic significance. As a rule when a pure Staphy- 
lococcus aureus strain is isolated from a pathological process the 
etiological relation to the disease is clear, but the ubiquity of 
staphylococci infers that these microbes may also be found in 
pathological processes where they have-not necessarily played an 
etiological role. This uncertainty is accentuated by the fact’ that 
the pathogenic characteristics of staphylococci are not definite 
and that the distinction between pathogenic and non-pathogenic 
staphylococci is not sharp. 

There are many methods for determining the pathogenicity of a 
staphylococcus strain; pigment formation, hemolysin production, 
fermentation of mannitol, liquefaction of gelatin, crystal violet 
reaction, toxin production, etc. None of these methods are found 
entirely reliable. 

LoEs (31), Mucu (34), KLEINSCHMIDT (29), VON GONZENBACH and 
UEMARA (23) found that staphylococci have the property of pro- 
ducing a substance, staphylocoagulase, which is able to coagulate 
plasma. Von DarAny1 (12, 13), Grosz (24, 25, 26, 27), KEMKEs (28), 
GENGOU (19, 20) a.o. observed that this property was possessed by 
some albus as well as aureus strains. In recent years much evidence 
has been obtained that the ability to produce coagulase was found 
only in pathogenic staphylococci and that this test was the most 
reliable biochemical reaction for pathogenicity (a.o. CHAPMAN et al. 
(3, 4, 5, 6), FISHER (16), CRUICKSHANK (11), NETER (35), Cowan(10), 
Frau (18), GILLESPIE, DEVENISH and CowAN (22), CHRISTIE and 
KEOGH (7), FAIRBROTHER (15), LEB and NOTHHACKSBERGER (30), 
BgE (2), SULAMAA (38)). LE Cosguino DE Bussy, vAN LOGHEM 
and VISSER (9) used this test in their study of the occurrence of 
Staphylococcus aureus in the nose of healthy persons. 

To investigate the suitability of the plasma coagulation reaction 
for the differentiation of pathogenic and non-pathogenic strains 
of staphylococci in our routine work, 250 Staphylococcus strains 
were isolated from different sources (blood, pus, urin, sputum, 


64 Jie rie bekker, 


cerebro spinal fluid, skin, etc.) The isolated strains were tested for 
pigment formation, hemolysin production, plasma coagulation, 
toxin production and the clumping in solutions of fibrinogen. 

The pigment formation was studied on agar and serumagar 
plates after 24 hours incubation at 37°C. and thereafter at room 
temperature for 10 days. The hemolysin production was determined 
after 24 hours incubation on 5 % sheepblood agarplates. Though 
the hemolysin formation in bloodbroth perhaps may furnish more 
accurate results only the routine plate method was used. Different 
methods for determining the coagulation of plasma are described 
(a.o. FISHER (16), MACFARLAN (32), D1-Rocco and Futton (14), 
Fisk (17), GILLESPIE (21), PENFOLD (36), CoLBECK and PrRoom (8), 
WILirAMS and HARPER (40)). The following technique was used 
in my experiments: 10 ml of rabbit blood obtained by cardiac 
puncture were added to 10 ml of 0.4 % sodium citrate in distilled 
water. The mixture was centrifuged and the supernatant plasma with- 
drawn. To 0.5 ml of this plasma 10 fold diluted with normal saline 
were added five drops from a capillary pipette (approximately 
0.1 ml) of an overnight broth of a Staphylococcus culture. The tubes 
were incubated at 37° C. and examined after 1, 4, and 24 hours. 
The undiluted plasma remains suitable for the test for several 
weeks if kept in the ice-chest. 

BERGER (1) described the clumping of staphylococci in fibrinogen 
solution as a rapid method for the identification of coagulase positive 
staphylococci. The test is performed by rubbing a loopful of an 
overnight agarculture in a drop of the fibrinogen solution on a 
slide. Coagulase-positive strains show a clumping resembling 
agglutination whereas coagulase-negative strains give a homogenous 
suspension. The fibrinogen solution is prepared by adding a satur- 
ated solution of sodium chloride to an equal volume of citrated 
plasma; the mixture is kept in the ice-chest for 4 hours. The preci- 
pitated fibrinogen is separated by centrifuging and redissolved in 
a quantity of distilled water equal to the original volume of plasma. 
This fibrinogen solution, when stored in the ice-chest, can be used 
for at least 4 weeks. 

Next to these biochemical reactions an animal test viz., the 
production of necrotoxin by staphylococci was performed. 0.1 ml 
of an overnight broth culture was injected intradermally into 
eunee pee (TIMMERMAN (39)). Readings were made after 24 and 

ours. 


Among the 250 strains studied there was complete agreement in 
228 strains (91.2 per cent). Considering the clumping reaction in 
fibrinogen solution not as a separate reaction but as a result of 
the coagulating property a deviation of the results was found in 
22 strains: 

12 strains were hemolysis-negative; 

5 strains were pigment-negative; 
2 strains were coagulase-negative; 
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1 strain was necrotoxic-negative; 
1 strain was coagulase- and necrotoxic-negative; and 
1 strain was pigment- and necrotoxic-negative. 


Of the 156 staphylococcus strains where one or more of the 
investigated properties were positive the necrotoxic activity was 
positive in 153 strains (98.1 per cent); the coagulation reaction in 
152 strains (97.6 per cent), the pigment formation in 149 strains 
(95.5 per cent) and the hemolysin production in 142 strains (91.0 
per cent). Among the biochemical reactions the plasma coagulation 
test also in my experiments gave the best results. 

Table I shows the mutual relation of the reactions studied. 


Tabel I 
Coagula- | (lumping : 
Pigment | Hemolysis ne a in fibrino- | Necrotoxin 
gen 
a Ae cates s 7 a sa 

No.of strains | 149 101 143 107 162 98 149 101 | 153 97 

pigment + 137 912 146 3 145 4 147 2 

a 6 95 6 95 4 97 OmmeoD 

hemolysis + 140 3 137 6 141 3 

— 12, 95 12" 95 12) 94 

coagulase + 149 3 151 2 

a — C98 2 95 

clumping + 159 0 

in fibrino- — 3 Bi 
gen 


The clumping in fibrinogen solution appeared to be a good 
preliminary test for the coagulase production. In all cases with 
a positive clumping test the coagulation was also positive; when 
clumping is negative a coagulation test must be performed. The 
majority of the coagulase positive strains were aureus strains (146) 
but also 6 coagulase-positive albus strains were encountered. We 
shall not go into the question whether these albus strains were 
mutilated aureus-strains, which have lost their pigment forming 
properties (PINNER and VOLDRICH (37)). 4 

From my experiments it could also be taken that the localisation 
a staphylococcus strain was isolated from did not determine, whether 
or not it was pathogenic. Staphylococci with the characteristics 
ascribed to the pathogenic forms could be found on normal skin 
and in the nose and other mucous membranes of healthy persons 
(see a.o. LE CosguiNo DE Bussy, VAN LoGHEM and _ VISSER (9), 
MacFartan (32), Mires, WiLLiAMs and CLAYTON-COOPER (or 


BgE (2)). 


When do we regard an isolated staphylococcus strain as patho- 
genic? According to most investigators pigment-negative, hemo- 
lysis-negative, coagulase-negative, etc. staphylococci are slightly 
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or not pathogenic. Pathogenic staphylococci are described as 
coagulase-positive, usually producing aureus pigment, forming 
hemolysins, producing toxins, and being virulent for rabbits and 
guinea-pigs. This view is substantiated by my experiments. For 
the differentiation between pathogenic and non-pathogenic staphy- 
lococci a single biochemical reaction proved not to be reliable. 
Several tests must be performed for determining the pathogenicity 
of an isolated Staphylococcus strain. 


Summary. 


The plasma coagulation reaction of staphylococci is discussed. 
Among the biochemical reactions in use for determining the patho- 
genicity of staphylococci, this reaction is probably the most reliable. 
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THE CAUSE OF THE EARLY GAS DEFECT IN 
CHEESE AND THE MEANS TO PREVENT IT 


by 


TH. E. GALESLOOT 
(Received January 1, 1947). 


Newly made cheese contains lactose, which is converted in 
lactic acid by lactic acid bacteria, a process which is normally 
concluded within 24 hours. Next to this lactic acid fermentation 
the lactose may also gave rise to a fermentation which is coupled 
with production of gas. This ,,early gas defect’? must be dis- 
tinguished from ,,late gas defect’. The latter occurs in cheese, 
having been stored for some weeks, in which the lactic acid is 
partly converted into gaseous products. So the difference is not 
merely based on the moment of onset, but is narrowly connected 
with the nature of the fermentation. 

The early gas defect, causing a blowing or swelling, known 
in this country as ,,heft’’, ,,rijzing’’, ,,pekel-heft’”’ or ,,vroeg-los’’, 
occurs in the cheese under the press, or during the early stage 
of brining. As the lactose is converted into lactic acid at a quick 
rate this production of gas can be only caused by micro-organisms 
which can develop rapidly. Generally only coli-aerogenes bacteria 
play a part although then and when it has been noted that also 
other organisms (yeast and hetero-fermentative lactic acid bacteria) 
may cause this blowing. 

As during this phenomenon the cheese mass has not yet ripened 
and therefore does not form a homogeneous plastic mass, the 
occurring holes are irregular in shape. Sometimes a multitude 
of small holes may arise, unfavourably affecting the aspect of the 
cheese when cut. Also for this reason the blowing is undesirable. 
The unsavoury taste produced by the coli-aerogenes bacteria is 
also a reason for deeming this blowing a fault. All types of the 
coli-aerogenes group are mostly considered as causal agents of 
blowing, as nearly all of them are able to ferment lactose with the 
production of acid and gas. According to WILSON (17) 99% of 
the coli types, 98% of the intermediate types, and 78% of the 
cloacae types can ferment lactose with production of acid and gas. 
Some investigators, however, have reported that not all of the 
representatives of this group can induce this fault. DORNER (5) 
reports that the aerogenes bacteria preponderate in the pro- 
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duction of gas. WHITEHEAD (16) investigated the action of coli- 
aerogenes bacteria in Cheddar cheese and he noted that not one 
of these was able to cause the early gas defect. The results obtained 
by Hitr1c (8) in an investigation of soft cheese are, however, 
quite contradictory to the above. The aerogenes bacteria caused 
in a high degree the early gas defect, the true coli bacteria not at 
all. In between were the paracoli bacteria, indicating as such 
the coli bacteria which lack some characteristic properties of the 
irue coli bacteria such as formation of indole or coagulation of 
milk. 

It seemed to us important to study the behaviour of the various 
types of the coli-aerogenes group in cheese prepared according 
to the method practiced in the making of Netherlands kinds of 
hard cheese and to investigate, why some representatives of this 
group, although able to produce gas from lactose, do not produce 
any in cheese. Moreover we have studied the action of some means 
of prevention in order to settle which would serve this purpose best. 

This investigation has been carried out with help of the Foun- 
dation ,,Fonds Landbouw Export Bureau 1916—1918” (the L.E.B. 
fonds) and has been published in detail elsewhere (6). A survey 
of the principal results is offered here '). 


From cheese, milk and substances which in dairy practice may 
come in touch with milk (soil, faeces, grass, fallen leaves) we have 
isolated 42 strains, which all of them were able to ferment lactose 
with the production of acid and gas. Table 1 shows the amounts 
of gas which the different strains could produce from 120 ml 
lactose broth. After inoculation with some hours’ old broth culture 
of the strain under examination the fermentation bottles were 
incubated at 30°C. The gas was collected in burettes filled with 
saturated brine. It appears that the various strains vary but 
slightly in the amount of gas produced. 

In the classification of these strains we followed WILSON (17) 
who divided the group in three parts by means of the methyl red 
test, the Voges-Proskauer test and the citrate test. By means 
of the indole test, the Eijkman test and the liquefaction of gelatine 
these three main groups are again subdivided. In Table 2 this 
is shown. In the following we shall often make use of the abbre- 
vations indicated here, Among the strains isolated by us 22 belong 
to the coli type, 14 to the intermediate and 6 to the aerogenes- 
cloacae type. 

In milk these three main types are of nearly as frequent occur- 
rence, The coli types originate in milk chiefly from contamination 
with cow dung, as, according to WILson, 98.4% of the coli- 
aerogenes bacteria in the latter belong to the coli type. The other 
types are mostly introduced in the milk by its coming in touch 
with straw, hay, grass, grains, meal, feeding cakes, etc. 


') Tam greatly endebted to Prof. Dr J. Smir and Dr Ir K. T. Wrerinca 
for the interest taken in this investigation and the good advice given. 


The cause of the early gas defect in cheese. 


Production of gas from lactose by the strains isolated. 


Table 1. 


ESS 


ml gas after ml gas after 
Strain : Strain —_— 
24 hours | 48 hours 24 hours | 48 hours 
1 PANES 28.5 22 32.0 37.6 
2 24.3 30.4 23 21.9 28.7 
2 36.2 40.4 24 20.2 29.2 
zt 37.8 47.5 25 22.5 33.0 
5 41.9 51.6 26 27.3 33.7 
6 32.4 37.0 27 25.8 33.4 
7 19.6 30.8 28 8.1 23.9 
8 18.8 25.1 29 27.5 35.0 
9 29.4 35.7 30 18.1 28.7 
10 1.6 22.3 31 27.6 31.5 
11 41.4 91.2 32 15.6 33.0 
12 20.8 23.0 33 19.4 25.5 
13 22.5 28.0 34 6.6 18.4 
14 3.9 24.7 35 7.8 22.5 
15 20.0 22.9 36 21.9 29.3 
16 35.1 41.8 37 28.2 37.8 
7 32.2 37.0 38 8.0 12.0 
18 22.0 27.6 39 18.9 40.5 
19 22.8 48.4 40 5.6 15.5 
20 30.0 37.6 41 19.2 24.6 
21 33.6 42.6 42 20.2 25.0 
Table 2. 
Classification of the coli-aerogenes bacteria according to WILSON. 
Lique- 
Ere ieh Pirie lines lai Clo Bijk- facta 
Type Seon Pole m1 Y-<< | trate | man | of ge- 
trons latine 
ee cou le Cl = ie ete = me et = 
JB, aoyhs Wt C2 — + 
Coli-like type 1. Cal + =e 
Coli-like type 2. Ca2 — ae — = = = 
Coli-like type 3. Ca3 == a" Sj ra = ap 
Intermediate type I. Il am ois == = = = 
Intermediate type II .| I2 = + = aa a —- 
Intermediate-like type | Ia — te a Sie = “i 
B. aerogenes I Al — = sie a5 — ae 
B. aerogenes I1 . A2 + a 0 - “e = 
Bi vcloacags. gu. west. eG a ae tp a oe Si 
Aerogenes-like type 1.| Aal = — a9 = are -~ 
Aerogenes-like type 2.| Aa2 — oo a a te rae 


i 


In a preliminarily test we have endeavoured to settle by means 
of a combined fermentation and curdling test whether all coli- 
aerogenes bacteria could cause the early gas defect. In this test 
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bacteria live under practically the same conditions as in cheese. 
Wide sterile tubes holding about 125 ml, were provided with 1 ml 
of a three hours’ old broth culture of each strain and of 50 ml 
boiled milk, into which after cooling down to 10°C. we added 
1 ml 35% solution of CaCl, and 0.3 ml rennet (1 : 12.000) per 1. 
The tubes were incubated at 30°C. and curdling was induced in 
half an hour. After 24 hours we read the result, which did not 
change by any further incubation. It appeared that under these 
conditions not all of the strains were able to produce gas and that 
a characteristic difference in aspect existed between tubes which 
had and those which had not produced gas. As without any pro- 
duction of gas the curdling action apparently was not strong 
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Fig. 1. Curd tests with pure cultures. 


Number Inoculated with Type Gas production 
l 


1 strain 17 — 
2 Pe 19 Al + 
3 - 14 C2 _— 
4 20 Il -t. 
5 Me 21 i + 
6 Fie Oe Es Cl — 
7 3 12 + 
8 24 Cal a 
9 & 25 Cl — 
10 “a 4 1 | oh 
11 not inoculated 
12 strain 1] Al + 
13 “ 12 Gi — 
14 * 6 IZ + 
15 - 1 Cl —_ 


16 7 eel C2 


The cause of the early gas defect in cheese. 71 


enough to make the curd contract, tubes in which no or hardly 
any gas had been formed were filled evenly with curdled milk. 
In the tubes with gas the curd as a result of the combined action 
of the rennet and gas had strongly contracted and floated as a 
spongy mass on top of the whey. Fig. 1 shows some positive and 
negative fermentation and curdling tests and fig. 2 a section of 


Fig. 2. Section of curds of a positive curd test and a negative one. 


Nr. 1. Inoculated with strain 20 (I1). 
Nr. 2. Inoculated with strain 22 (C1). 


the curd in a negative and in a positive test. Under these conditions 
coli types with the exception of one strain (31) could produce no 
or hardly any gas. The C2 types differed from the Cl types in that 
they made a few holes in the curd. Among the 14 intermediate 
strains examined 10 could produce gas in this test, 4 could not. 
The 6 aerogenes and cloacae strains examined all strongly induced 
gas production. 

As, however, the conditions under which the bacteria produced 
gas in the combined fermentation and curdling test differ from 
those existing in cheese, we may not conclude that the results 
of this experiment’ will hold for the early gas defect in cheese. 
In order to settle this point we have inoculated small lots of 
pasteurized milk (2.5 1) with the different strains of bacteria and 
have prepared from each lot a small cheese, following the method 
of practical cheese making. 5 ml starter was applied to 2.5 1 milk, 
which was further inoculated with 5 ml of a sixteen hours’ old 
milk culture of the strain examined. Outward conditions were 
chosen such as would favour the occurrence of the early gas defect. 
Some of the results are shown in Table 3. 

The cheeses were judged after 24 hours. In order to ascertain 
whether the cheese had the defect, it was noted whether it has 
swelled and a section was examined. A number was fixed according 


to the following scale: 
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0 =a few holes at most. 
The cheese has not swelled. 1 = fairly many holes. 


The cheese has swelled and Se 
increasingly so in the di- 4= 
5= 


rection of the arrow. 


2 = many holes. 


many holes. 
oO. 


Table 3. 


The influence of coli-aerogenes bacteria on the production of 


gas in cheese. 


. : Results 
Number of coli-aerogenes bacteria 
Strain poss eg 
Cheese and “ere? ! of eg pH 
type at the curdling Priataaee scale curdling 
test 
14 | 1 (C1) | 19.000.000/m1 | 1.600.000.000/g 1 = | 5.16 
59 27 (Cl) 1.900.000 ,, 6.000.000.000 ,, 0 — 5.15 
60 30 (Cl) 8.000.000 ,, 6.000.000.000 ,, 0 — 5.15 
44 26 (C2) 1.300.000 ,, 600.000.000 ,, 0 — 5.20 
19 2 (Cl) 1.900.000 ,, — 1-2 — 5.20 
54 | 31 (Cl) 800.000 ,, = 3 a. 5.35 
9 11 (Al) 600.000 ,, 190.000.000 ,, + oa 
10 | 39 (C1)| 2.500.000 ,, 80.000.000 ,,| 4 + 
23 5 (11) 400.000 ,, as 4 a 
2 | 21 (II) ae F 4 + 4.90 


The cheeses 44, 79 and 23 are shown in fig. 3, 4 and 5 (No. 1 = 
cheese 44, No. 33 = cheese 79 and No. 19 = cheese 23). Moreover 
the fig. 8, 9 and 10 show some specimens with early gas defect. 


Fig. 3. Milk inoculated with 5 ml culture of strain 26 (CQ), 


Here again we note a great difference in the measure in which 
different strains induce blowing. The strains which give negative 
results in the fermentation and curdling test were neither able 
to form much gas in cheese. So we can classify the bacteria of the 
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coli-aerogenes group in blowing-positi 

g-positive and blowing-negative 
sy PES: the former inducing no or hardly any ashes aa the 
oe strong blowing. In our experiments the coli types mostly 
elonged to the blowing-negative type and the aerogenes and 


Fig. 4. Milk inoculated with 5 ml culture of strain 2 (C1), 


cluacae strains to the blowing-positive type. The intermediate 
strains were one or the other. In the fermentation and curdling 
test we have a simple method for predicting whether a definite 
bacterium from the coli-aerogenes group will cause blowing. 


Fig. 5. Milk inoculated with 5 ml culture of strain 5 (11). 


All of the strains, however, caused an unsavoury taste and 
thus the occurrence of coli-aerogenes bacteria is always undesirable, 
even without their inducing any blowing. 

Therefore in a general way no correlation will exist between 
the number of coli-aerogenes bacteria in milk and the measure 
in which early blowing occurs in the cheese made therefrom. 
Neither will any correlation exist between early gas defect and 
the number of coli-aerogenes bacteria in cheese. This has been 
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reported also by YALE and MaRQuarDT (19), although they offer 
another cause, which in our opinion is not the sovereign one. 

We could further note a great difference in the degree in which 
various types will remain alive in cheese. Bacteria of the Cl type 
survive over a long period, those of the C2 type as well as those 
of the intermediate and the aerogenes-cloacae types die off rapidly. 
Hiitt1c (8) and CrossLey (4) report the like. 


Now the question arises how these results may be explained, 
as according to the data taken up in Table |, all strains were 
able to produce gas from lactose broth. Moreover according to 
Table 3 bacteria of the blowing-negative type do not develop in 
cheese in a lesser degree than bacteria of the blowing-positive type. 
This holds as well for the fermentation and curdling test. In order 
to settle this point we estimated first of all the amount of gas our 
strains could produce in whey, as production of gas therein can 
more adequately be compared with gas produced in cheese than 
in lactose broth. The results are recorded in Table 4 in which for 
the sake of comparison the results of the fermentation and curdling 
test have also been inserted. 

We see that the results of these tests, which could always be 
reproduced, agree well with those of the fermentation and curdling 
test. The strain which in the latter experiment had furnished 
positive results, also produced much gas from whey although 
it is true that in the production from whey the differences do not 
show sharply before the lapse of 24 hours (cf. the production of 
gas by the strains 5, 9, 20 and 39) whilst the result of a fermen- 
tation and curdling test was already definite after 24 hours. It 
shows clearly that in whey, cheese and the fermentation and 
curdling test the production of gas by the blowing-negative bac- 
teria is inhibited. So we have surmised that this might be owing 
to substances occurring in the milk. 

Considering the composition of milk it occurred to us that it 
might be citric acid, which acted as such. In fact milk contains 
0.14—0.20% of this acid. In order to settle this point we made 
up a liquid which in composition as well as in properties corres- 
ponded as much as possible to skim milk. We used the method 
of PorcHER (11). By means of stirring we solved 30 g casein, 
prepared according to HAMMERSTEN and 1100 mg CaO in 1 | water. 
The pH then exceeded 7 as under these conditions about 600 mg 
CaO is needed to obtain a neutral solution of casein. Subsequently 
we added 0.2 N H;PO, in drops until the pH had dropped to 7. 
Owing to the casein-calcium-phosphoric acid complex formed 
the liquid became white and opaque. In order to arrive at a still 
closer correspondence to skim milk we added 0.45% albumine 
and the salts occurring in milk. To part of this synthetic skim 
milk we added 0.16% citric acid as sodium citrate. The final pH 
was 6.8. With this skim milk we carried out a fermentation and 
curdling test such as it has been described above. Part of the 
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Table 4. 

Production of gas from 40 ml whey by the strains isolated. 

Strain Type ae ee ae Result of the fermenta- 

24 hours | 48 hours | 72 hours| ton and curdling test 
1 Cl 1.0 7.0 7.2 — 
2 Cl 2.0 5.5 6.1 == 
3 12 17.5. 29.0 31.9 sa 
4 Il 17.5 70.0 | 110.0 “a 
5 Il 2.5 13.5 22.6 4 
6 12 14.5 24.5 28.1 ol 
7 Cl 1.5 3.0 4.3 —_ 
8 Ci 1.5 4.0 4.6 —- 
9 Cl 1.5 7.5 8.6 
10 Cl 0.5 0.6 0.6 — 
11 Al 10.0 55.0 92.0 + 
12 Cl 0.3 2.5 3.6 —_ 
13 Cl 0.3 1.5 2.0 -- 
14 C2 0.3 1.3 2.9 — 
15 Il 1.0 3.5 6.5 —_ 
16 C2 1.4 6.4 8.0 _ 
17 Cl 1.0 3.7 3.5 — 
18 Cl 5.9 7.6 7.6 — 
19 Al 2.0 25.0 51.5 + 
20 Il 5.4 57.8 121.0 + 
21 Il 77 25.5 45.5 oe 
22 Cl 1.4 3.1 4.2 = 
23 Cal 0.5 2.5 3.8 — 
24 Cal 0.7 1.6 1.9 — 
25 Cl 2.2 4.0 5.2 — 
26 C2 1.2 4.5 6.8 — 
27 Cl 1.5 4.0 4.5 — 
28 12 10.0 19.3 35.0 + 
29 Cl 3.3 5.3 6.9 — 
30 Cl 0.6 1.0 2.4 — 
31 Cl 1 9.4 10.6 Se 
32 12 6.0 9.7 12.6 + 
33 Il 1.0 3.6 4.6 ae 
34 Il 0.8 1.0 1.4 — 
35 Il 0.3 1.0 1.5 — 
36 Cl 2.6 rat 2.8 — 
37 12 15.6 26.1 39.5 ae 
38 Il 0.4 0.8 1.0 — 
39 Cl 2.8 35.6 61.6 ae 
40 Aal 7.0 10.1 15.5 + 
41 Aal 8.6 22.2 40.1 ap 
42 Aal 8.2 17.3 32.1 ap 


results are recorded in fig. 6. In the absence of gas here again the 
tube contained evenly clotted milk, whilst when gas did occur 
a spongy mass of curd floated on top of the liquid. The openings, 
however, were much smaller, but much more numerous than in 
a similar test with cow’s milk. Without citric acid all strains 
produced gas. When citric acid had been supplied strains which 
could not form gas in whey or cheese neither did so here. Thus 
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Fig. 6. Curd tests with synthetic skim milk alternately containing citric acid. 


Number Inoculated with Containing Gas production 
1 strain 11 (A1) no citric acid Be 
6 “f 0.16% a 
2 strain 20 (11) no ae 
7 a 0.16% 4 
3 strain 37 (12) no oe 
8 3 O:169) 3 af. 
4 strain 2 (Cl) no bs af 
9 0-165 we 
5 strain 24 (Cal) no ; = 
10 ie 016% 3 = 


it seemed probable that the deviating behaviour of blowing- 
negative types would be owing to the content of citric acid in 
milk. We will, however, not exclude the possibility that other 
substances acting in a similar way might occur in milk. 

In order to study the mode of action of citric acid more closely 
we have estimated the gas produced by the different types from 
lactose broth or lactose-yeast extract unto which increasing 
volumes of a neutral sterile 10° solution of citric acid had been 
added. Some of the results obtained are recorded in Tables 5 and 6. 

The production of gas by blowing-negative strains was delayed 
somewhat by the presence of citric acid. As to the other strains 
the citric acid initially did not act on their production of gas. 
Some difference in the amounts for instance after 18 hours did 
occur, but these were accidental and occurred as well in the absence 
of citric acid. Of greatest importance is the fact that the onset 
of gas production by the blowing-positive strain was not delayed 
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Table 5. 


Production of gas by strain 15 (11), a blowing-negative strain 
from lactose broth unto which citric acid had been added. 


Citric acid ml gas produced after 


added 18 hours | 24 hours | 42 hours | 48 hours 


— 10.0 12.0 13.5 13.5 
0.05% 7.9 97 11.3 11.4 
0.10% 4.0 6.1 8.6 8.9 
0.20% 0.5 1.2 2.5 2.7 

SS St 


Table 6. 


Production of gas by strain 11 (Al), a blowing-positive strain 
from lactose broth unto which citric acid had been added. 


Citric acid ml gas produced after 


added 18 hours | 24 hours | 42 hours | 48 hours 


— 8.6 11.4 16.4 17.6 
0.05% 11.4 GST 33.0 38.1 
0.10% 7.6 12.4 rife) 32.4 
0.20% 9.1 17.0 40.6 48.2 
0.50% 4.8 14.4 42.7 50.9 


by an addition of citric acid: Later on, however, for these types 
the amount of gas increased with increasing amounts of citric 
acid added and so the final production of gas in broth containing 
citric acid by blowing-positive strains was much larger than the 
production by other strains. 

In another experimental set next to the production of gas 
we have estimated the decrease in the amount of citric acid. The 
method of PUCHER, SHERMAN and VICKERY (12) has been followed 
which allows the estimation of 0.1—1.0 mg. In cultures of blowing- 
negative bacteria no substances occurred disturbing this estimation. 
In an experiment with strain 2 (C1) we used 3 fermentation bottles 
of 550 ml which were provided with 4 ml of a few hours’ old broth 
culture and further filled with lactose yeast extract. Bottle II was 
supplied with 0.05% and bottle III with 0.20% citric acid as 
sodium citrate. In Table 7 the results are recorded. 

So the blowing-negative bacteria could not start with the 
production of gas from lactose before the citric acid had been 
used up. It seems to us that this might be explained by assuming 
that citric acid acts as a hydrogen acceptor, the fermentation of 
sugar thus taking another course and producing hardly any gas. 
Citric acid might accept hydrogen in the following way. 
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Table 7. 


The influence of citric acid on the production of gas by the 
blowing-negative strain 2 (Cl) from lactose yeast extract. 


Fermen- 


tation 
bottle 


I 
II 


III 


Culture solution 


Lactose yeast extract] 26.0 
Idem + 0.05% citric 
ids tal oe oe 4.0 


ie Dee eee 3.0 


J. CH, —COOH 


| 
COH—COOH > 


| 
CH, —COOH 


(citric acid) 


II. COOH 


| 
COOH 
(oxalacetic acid) 


III. COOH 


| 

CHOH 

| 

Cr. “p 

| 

COOH 

(malic acid) 
IV. COOH 


| 
COOH 
(fumaric acid) 


ml gas after % Bee 
16h. | 19h. | 21h. | 24h. | 41h. | Oh. | 16h, 
35.2 | 41.0 | 49.0 | 75.0 | — | — 
11.2 | 13.2 | 18.5 | 38.5 | 0.05 | 0.00 
5.0 | 5.7 | 11.5 | 23.0 | 0.20 | 0.00 


CH,COOH (acetic acid) 


(oxalacetic acid) 


COOH 
(malic acid) 
COOH 


COOH 
(fumaric acid) 


COOH 
| 

CH, 

| 

CH, 


COOH 
(succinic acid) 


© 
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This assumption may be substantiated by a number of argu- 
ments. Reaction I is not unusual for coli-aerogenes bacteria, for 
BREWER and WERKMAN (3) consider this as the initial reaction 
in the dissimilation of citric acid by Aerobacter indologenes. KREBS 
(9) reports that coli bacteria, inter alia by means of the enzyme 
fumarase may reduce oxalacetic acid into fumaric acid. The same 
author reports that coli bacteria by means of the enzyme succino- 
dehydrogenase may further reduce fumaric acid into succinic acid. 

If the above assumption is right the intermediate products, 
oxalacetic acid, malic acid and fumaric acid must act in the same 
way as does citric acid. Then it must be possible by means of 
these compounds to delay the onsct of gas production from lactose 
up till the moment these acids will have disappeared. In fact we 
were able to realize this. Fermentation bottles holding 120 ml 
were provided with 1 ml of a some hours’ old broth culture of the 
strain to be tested. To part of the bottles we further added 1} ml 
of a neutralized sterile solution of either acid. The bottles were 
further filled with lactose yeast extract and incubated at 30°C. 
Tables 8 and 9 offer some results. 


Table 8. 


The influence of malic acid on the production of gas from lactose 
yeast extract by blowing-negative strains. 


ml gas produced after 


Strain Added 
123 h.|14$ h.| 17h. | 21h. [374 h.|614 h, 
(Cup = 7.2 | 10.0 | 13.8 | 18.1 | 26.5 | 29.2 
[2 (C1) |0.12% malic acid. .| 0.3 | 0.8] 1.6| 4.0 | 10.5 | 14.2 
29°(C1) es 3.5 | 5.5] 8.0 | 10.5 | 15.5 | 17.5 
22 (C1) |0.12% malic acid. . | 0.2 | 0.9] 1.5] 25] 5.0] 7.0 
Oo IE ESC TAS a Oe i ea ele ata Re 


Table 9. 


The influence of oxalacetic acid and fumaric acid 
on the production of gas from lactose yeast extract 
by blowing-negative strains. 
ee TT —=_—_—_—_—_———— 


ml gas produced after 


Strain Added 


12h. | 14h. | 17h. | 19h. | 25h, | 37h. 
) == 3 
) 0.12% fumaric acid ( 
) | 0.12% oxalacetic acid 
) 
) 


0.12% fumaric acid 
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Finally we tried to settle whether by means of the supply of 
citric acid a larger production of succinic acid was induced. Each 
molecule of citric acid should furnish one molecule of succinic 
acid. We inoculated 6 fermentation bottles filled with lactose 
yeast extract with the blowing-negative strains 2, 22 and 7. To 
half of the bottles we added 0.15% citric acid as sodium citrate. 
Directly after the disappearance of the citric acid we estimated 
the content of succinic acid of these culture solutions. Per 100 ml 
150 mg citric acid had been present initially and thus in the solution 
provided with citric acid 92 mg succinic acid should have been 
formed over and above the amount present in the other cultures, 
assuming that a same amount of succinic acid was formed from 
lactose and yeast extract in either case. Table 10 offers the results. 
We followed the method described by Smit (15). 


Table 10. 
Increase in yield of succinic acid following the addition 
of citric acid to cultures on lactose yeast extract 
of blowing-negative strains. 


mg succinic acid per 100 ml 
Increase in yield 


Strain lactose yeast by the addition of 
eS ee extract with 15% y citric acid 
citric acid 
2 (Cl) 98.2 219.8 116.6 mg 
22 (Cl) 99.2 190.1 90.9 mg 
7 (Cl) 96.2 186.9 90.7 mg 


Here again the close agreement pleads for the assumption made. 
Still some questions are left unanswered. The data in Table 7 
show that under these conditions 0.20 % citric acid acted but 
slightly more strongly than did 0.05%. This, however, cannot 
be explained by the scheme we made up. Moreover it appeared 
that in lactose yeast extract cultures of blowing-negative strains 
sometimes after the addition of 0.20% citric acid finally more 
gas had been produced than after the addition of 0.10%. Further 
data are offered in Table 11. 


Table 11. 


Production of gas by strain 26 (C2) from cultures 
on lactose yeast extract, unto which citric acid had been added. 


Citric acid ml gas produced after 
added 16h. | 24h. | oh. | 48h. | 6th. | 72h. | 96 b 
Ra 3.0 | 64 8.2 8.65 WiBtis LeRO Peo 
0.025% 10 'f 280} / 48 Was Cryhodidae tide) ene 
0.050% 0.6 1.0 1.0 hai joL6 4) Lad se 
0.100% 04 | 0.5 1.0 12°} 12 | 18 Pars 
0.200% 0.4 1.2 1.6 EGg j8.60 bets ies 
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Neither this fact can be explained by the scheme offered. We 
shall offer an explaination of this phenomenon after having 
reported what happens with the citric acid added to cultures 
of blowing-positive strains. For this we can make use of a paper 
by BREWER and WERKMAN (3). These investigators have described 
the way in which Aerobacter indologenes, an aerogenes and thus 
a blowing-positive type, ferments a mixture of sugar and citric 
acid. The fermentation has been brought about in a liquid con- 
taining per 1 100 m.mol. glucose, 50 m.mol. citric acid and 5 g 
peptone. In Table 12 the results as far as they are of interest to 
us are recorded. 


Table 12. 


The fermentation of glucose together with citric acid 
by Aerobacter indologenes. 


Disappeared Produced 

Time (in m.moles) (in m.moles) 
after A ee : carbon 

glucose citric acid By epees dioxide 
Ng ios 41.8 0.83 4.5 58.2 
23 h. 55.6 1.54 7.5 78.1 
36 h. 78.3 2d 18.6 120.0 
50 h. 160.0 3.46 36.5 166.1 
161 h. 100.0 49.4 63.3 252.2 
300 h. 100.0 50.0 67.1 266.2 


Initially no citric acid disappears, and so an addition of this 
acid to cultures of blowing-positive strains cannot act on the 
production of gas, this agreeing with our findings reported in 
Table 6. This initial non-fermenting of citric acid, in the presence 
of sugar differs widely from the rapid disappearance of citric acid 
in the fermentation of sugar by blowing-negative strains. Lateron 
the citric acid does disappear and therefore the total production 
of gas increases. We may assume that in our experiments with 
blowing-positive cultures the bacteria along with the fermentation 
of sugar proceeded with the fermentation of citric acid, this ex- 
plaining the increase in the production of gas reported. This does 
not mean, however, that both fermentations need to have taken 
an independent course, cross actions may actually have occurred. 
Now we can also explain the difficulties we encountered in the 
investigation of the influence of citric acid on the fermentation 
of lactose by blowing-negative bacteria. We told before that 
in some cultures 0.05% citric acid acted about as strongly on the 
gas production as 0.20% and that in lactose yeast extract the 
gas production following the addition of 0.20% citric acid might 
exceed that value after a supply of 0.10%. It might seem as if 
this could not be accounted for by means of the scheme we offered 
for the action of citric acid. It appears plausible, however, to 
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assume that after a large supply of citric acid not all of the acid 
will have been used up as hydrogen acceptor but after some lapse 
of time part of the citric acid will have been fermented by the 
blowing-negative bacteria, in this respect behaving similarly to 
blowing-positive bacteria. Assuming this the above mentioned 
deviation can be easily explained. This explaination is further 
substantiated by the fact that blowing-negative bacteria, when 
taken from a usual nutrient medium will not develop in the 
citrate solution according to Kosrer. They will, however, be able 
to do so, when bacteria are used, which have developed in a solution 
containing lactose and citric acid (for instance whey). So in 
nutrient solution with lactose when provided with citric acid, coli 
bacteria will finally ferment part of the citric acid, thus causing 
an increase in the production of gas. The amount of citric acid 
used as hydrogen acceptor will probably be closely connected 
with the amount of sugar that can be fermented in the culture 
solution. When this amount is larger, more citric acid will serve 
as hydrogen acceptor and the bacteria will proceed to the fer- 
mentation of the acid later. In this connection we may assume 
that in the fermentation and curdling test and in cheese in which 
owing to the buffering action of the medium the bacteria can 
ferment more sugar, generally a larger part if not all of the available 
acid will be used as hydrogen acceptor, thus preventing the occur- 
rence of gas, 

Finally we have tried to show that citric acid in cheese acts 
in the same way as in liquid cultures. We were not able, however, 
to estimate the citric acid in cheese, as substances occur herein 
which disturb the usual analytical methods for its estimation. 
We could, however, show that after inoculation with blowing- 
negative bacteria the citric acid was about just sufficient to inhibit 
the occurrence of the early gas defect. After inoculation with a 
blowing-negative strain we were able, by means of a systematic 
drawing off of the whey during the cheese making and a supply 
of a 4$% solution of lactose, to decrease the concentration of 
citric acid in the curd in such measure that the early gas defect 
made its appearance. 

Moreover in cheeses which had been inoculated with blowing- 
negative bacteria we could note sometimes a weak form of the 
early gas defect when during the preparation much water had 
been employed. If, however, instead of water a 0.189% solution 
th Cs acid had been used the cheese was practically free from 

oles. 

The latter experiments make plausible that actually in cheese 
the citric acid acts on the fermentation of sugar by the blowing- 
negative bacteria in the same way as in the experiments with 
liquid cultures described above. 

In our experiments with cheese we have mostly used a starter 
containing only bacteria of the species Streptococcus lactis. In 
practical cheese making starters are often in use which also contain 
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the aroma bacteria decomposing citric acid. It might be thought 
that the aroma bacteria by their disposing of the citric acid would 
offer the blowing-negative bacteria the possibility to induce the 
early gas defect. Several times we have made cheese by means 
of a starter which next to the usual lactic acid streptococci con- 
tained aroma bacteria; no influence, however, of the latter could 
be noted. The aroma bacteria decompose citric acid most strongly 
in an acid medium and under those conditions the action of the 
coli-aerogenes will as a rule have been brought to a close. The 
citric acid has already been disposed of by the blowing-negative 
bacteria, when the aroma bacteria have developed sufficiently 
to proceed with its decomposition. 

In all experiments described thus far we have always used as 
inoculum either blowing-negative or blowing-positive bacteria and 
thus the question is still left open what will happen when the 
milk has been contaminated with both types of bacteria as will 
often be the case in practical cheese making. 

In order to answer this question we have first of all run some 
preliminary fermentation and curdling tests. In each experimental 
set we used 4 culture tubes which were provided with 0.001 ml 
of a broth culture of a blowing-negative strain. To one tube we 
did not add any further bacteria, to the second 0.01 ml of a broth 
culture of a blowing-positive strain, to the third 0.1 ml and to the 
fourth 1 ml of the same strain was given. So we had realized the 
fatios te, ote10- 1-100 and J: 1000. 


Fig. 7. Curd tests with mixtures of blowing-positive and blowing-negative 
ones, Table 13 shows further indications, 
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For estimation of the gas production from whey we followed 
the same method. In fig. 7 and Table 13 the results of some ex- 


periments are recorded. 


Table 13. 


Influence of combinations of blowing-positive 
and blowing-negative bacteria. 


Combination of Fermen- ml gas produced 
a ee tation No. on | from 40 ml whey 
blowing- | blowing- Ratio and fig. 7 after: 
positive | negative curdling 3 ——________— 
strain strain test 24h. | 48h. | 72h. 
11 (Al) e*(Gly "1.20 + l 4.2 | 15.9 | 25.0 
id. id. T210 2 2.0 | 13.7 | 48.4 
id. id. 1: 100 oh 3 2.3 5.5 | 11.4 
id. id. 1 : 1000 —_— + 0.7 1.9 2.5 
20 (11) (Cl) iio 4 5 5.2 | 21.4 | 44.0 
id. id. Lei0 + 6 1.2 2.4 3.0 
id. id. 1 100 —_ 7 1.5 3.2 4.1 
id. id. 1: 1000 —_— 8 1.5 2.6 3.0 
27 (12) 2 (C1) | 10 Le 9 6.9 | 15.2 | 21.2 
id, id. eo + 10 Ge 2.0 3.3 
id. id 1: 100 — 1l 0.5 1.7 2.5 
id. id 1: 1000 — 12 1.2 2.2 3.0 
20 (11) | 15 (11) | 1:0 ° + 13 5.7 | 14.9 | 24.6 
id. id. 110 oS 14 2.5°| D0 6.8 
id. id. 1: 100 — 15 Del 2.6 | 3.1 
id. id. 1: 1000 —_ 16 3.1 6.2} 6.8 


These experiments show that a blowing-positive culture cannot 
produce any gas when a certain number of blowing-negative 
bacteria are present as well. The various combinations differ 
mutually as may be read from the results. Thus the action of 
strain 11 (Al) could hardly be weakened by the presence of a 
blowing-negative culture whilst strain 20 (11) was strongly in- 
fluenced. 

We have also investigated whether this phenomenon would 
hold as well for the early gas defect in cheese. Two lots of milk 
were inoculated with a milk culture of a blowing-positive strain. 
One lot moreover received a culture of a blowing-negative type. 
From either lot of milk cheese was made in the same way, the 
cheese being judged after 24 hours. Table 14 offers some results. 

Although marked differences appeared to exist between the 
various combinations, we may state that generally the presence 
of blowing-negative bacteria will strongly lessen the occurrence 
of the early gas defect. The blowing positive-strains during the 
initial period do not act upon the citric acid, so that the blowing- 
negative bacteria may dispose of it freely and convert the sugar 
into acid without any appreciable production of gas. 
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Table 14. 


On the influence of combinations of blowing-positive and 
blowing-negative strains on the production of gas in cheese. 
See 


Added to a culture of a 


peheese blowing-positive blowing-negative Judgment pH 
strain strain 
44 4 ml strain 11 (Al) |-4° ml strain 2 (C1) 3—4 5.20 
43 do. = 3—4 5.20 
61 4 ml strain 39 (Cl) — 4 5.10 
62 do. 3 ml strain 26 (C2) 2 5.10 
65 = ml strain 19 (Al) — 4 5.15 
66 do. § ml strain 30 (C1) 0 5.15 


The cheeses 65 and 66 are shown in fig. 8 (cheese 65 = No. 31 
and cheese 66 = No. 32). 


Fig. 8. The influence of mixtures of blowing-pusitive strains and plowing. 

negative ones on the gas production in cheese. Nr. 31. Milk aoe ate 

with 0.5 ml culture of the blowing-positive strain 19 (Al). Nr. 32. Milk 

inveulated with (.5 ml culture of the same strain and moreover supplied 
with 2.5 ml culture of the blowing-negative strain 30 (C1). 
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In order to explain the influence of the blowing-negative bacteria 
on the production of gas of the blowing-positive types we might 
consider two causes: 

1. The blowing-negative bacteria producing more acid might 
affect the blowing-positive by means of this acid. In this respect 
the blowing-negative bacteria in cheese might function as precur- 
sors of the lactic bacteria, which as a rule bring the activity of 
the gas producing bacteria to a close. 

2. One or more metabolic products of the blowing-negative 
bacteria might be able to alter the fermentation of sugar by the 
blowing-positive bacteria in a way that less gas is formed. Here 
we think of acetic acid which is a fairly important metabolic 
product of the blowing-negative bacteria. REYNOLDS, JACOBSSON 
and WERKMAN (14) found that acetic acid, when added to a fer- 
mentation of glucose by Aerobacter indologenes, was reduced and 
thus no further hydrogen could be produced from sugar by this 
bacterium. The reduced acetate was entirely recovered as 2—3 
butylene glycol. MICKELSON and WERKMAN (10) could further 
show that this reduction of acetic acid merely occurs in media 
with a pH below 6.3. As in the fermentation and curdling tests 
and in the production of gas in cheese we meet with an acid medium 
it is very probable that here as well this reduction of acetate plays 
an important part in the suppression of the gas production, the 
more so as hydrogen gas owing to its slight solubility plays a 
very important part in the fermentation and curdling tests and in 
cheese. 


After having studied the course of the early gas defect we have 
also studied the means of combat of this fault. Of course best of 
all is winning of the milk as cleanly as possible, thus preventing 
the introduction of blowing-positive bacteria. These bacteria can 
further be killed off by pasteurization but this treatment has its 
disadvantages, whilst often the means for pasteurization will 
not be available. The milk once contaminated with blowing- 
positive bacteria, conditions during the making of cheese may be 
regulated in a way that their development is inhibited as much 
as possible. We mention in this recpect the use of an increased 
amount of starter and a rapid brining of the cheese. Still it is not 
always possible by these means to prevent entirely the occurrence 
of the early gas defect. In practical cheese making potassium 
nitrate has been applied since long, this substance generally being 
added to the milk during curdling. Various investigators could 
show the favourable action of nitrate (2, 7, 8). Hiri (8) reported 
that KClO; as well was a suitable means of prevention of the 
defect, whilst WoJTKIEWIcz (18) proposed the use of nitrite. 

So we have studied the action of these substances in order to 
ascertain which would serve best. Moreover we have studied 
whether KBrO, and K,S,0, might be suitable. This, however, 
appeared not to be the case. 
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It appeared that nitrate was rapidly reduced to nitrite by coli- 
aerogenes bacteria and that subsequently the nitrite as well 
disappeared, it being further reduced and its nitrogen either 
assimilated or converted into ammonia. As long as the bacteria 
fermented sugar, nitrogen was assimilated; thereupon the for- 
mation of ammonia sets in. It appeared further that the bacteria 
in the initial period, namely as long as they fermented sugar, were 
not impaired by these reductions. During the formation of ammonia, 
however, they died off. In order to study the influence of ammonia 
on the gas production we used fermentation bottles of 40 ml. 
After having provided these with 0.05 ml of a some hours’ old 
broth culture of a certain strain and with a definite volume varying 
from 0—1 ml of a sterile solution of KNO, we filled these with whey. 
The bottles were incubated at 30°C.; the production of gas was 
read after various intervals and the presence of nitrite and in its 
absence of nitrate was reacted upon. Some of the data*obtained 
are recorded in the tables 15 and 16. 


Table.15. 
Influence of KNO, on the production of gas from whey by 
strain 11 (Al). 


ml gas produced in bottles to which per 100 1 had 


Lapse of been added: 
time poe i Ed SE eee 
0 g KNO, |20 g KNO,|60 g KNO,|80 g KNO,|100gKNO, 
after 13 hours 6.0 1.0 0.2 1 0.1 0.1 
LG = 10.3 2.6 1.5 0.5 : 1.0 
fy CAL Tes 25.6 7.2 5.6 3.8 2.6 : 
Pic . 98.5 40.0 47.5 41.5 12.0 
i ee 115.0 53.8 63.0 64.5 24.2 
ie ar} 130.0 66.6 Td 86.2 43.6 


1) These lines indicate the moment in which the nitrate and the nitrite 
formed from it has disappeared. In the experiment with 20 g KNO, this 
moment has not been exactly determined as it occurred within 13 hours 

Table 16. 
Influence of KNO, on the number of bacteria 
of strain 11 (Al) in whey. 


Number of bac- 


KNO, added Pettey Turbidity after 
in g per 1001 Se hours 68 hours 
0 50.108 per ml Ve) 
20 AM LOS =; IV 
60 BASSIMOO aa oy IV 
80 S1eLOSa aan, ; IV 
100 PNW = IV 


eS en ee 
1) The culture without addition of nitrate we indicate as IV. Lower 
figures indicate a weaker turbidity. 
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It appears from these data that without any inhibition of the 
development of the bacteria we could delay the onset of the 
production of gas over a certain period. In experiments with other 
blowing-positive bacteria we obtained the same results. The 
nitrate obviously acts as a hydrogen acceptor and the fermen- 
tation of sugar owing to the hydrogen being used in the reduction 
of nitrate, takes another course and hardly any gas is produced. 

WoJTKIEWICz assumed that nitrate prevents the production 
of gas by means of the nitrite it gives rise to which would cause 
the death of the bacteria. Therefore he proposed to apply KNO, 
directly. Our experiments show that he was wrong and that 
nitrate only becomes toxic when the bacteria no longer dissimilate 
any sugar and the reduction into NH, has set in. In the above 
experiment with strain 1] this stage was not reached as nitrate 
and nitrite had already entirely disappeared. 

It is to be expected that KNO, may as well influence the gas 
production, as it also acts as a hydrogen acceptor. As the data 
of Tables 17 and 18 show, nitrite actually could defer the onset 
of production of gas over a certain period, without any toxic 
action coming into play. It does appear, however, that whenever 
after a certain period, viz., when no further sugar is dissimilated 
and the production of NH has set in, still some nitrite is left, the 
growth of bacteria is brought to a close and the turbidity of the 
culture grows less dense. 


Table 17. 


Influence of KNO, on the production of gas from whey 
by strain 11 (Al). 
NE SN ee ere ee ee 


ml gas produced in bottles to which per 100 1 had been 


L added: 
apse of 
time 0g 20 g 40 g 60 g 80 g 100 g 
KNO, KNO, KNO, KNO, KNO, KNO, 
after 12 hours 4.9 02 0.2 0.1 0.1 0.1 
1 
ok iad: 8.0 0.6 0.2 0.1 0.1 0.1 
2 
20 4 22.3 3.6 0.5 0.2 0.1 0.1 
Pe 264 oe, 52.3 19.4 2.6 0.2 02 0.2 
a} 
ako Obes 110.0 63.0 17.6 3.6 1.0 0.5 
1 
Pega Fig 8 bes 150.0 89.0 34.4 9.5 bey 0.6 
srt 862 x 220.0 138.0 102.0 41.5 8.3 23 
et: mi 263.0 165.0 132.0 63.0 24.5 5.0 
1 
Pies - fe eee 300.0 181.0 161.0 86.0 51.0 8.8 
7) bd Sees 327.0 194.0 186.0 108.0 77.0 15.6 
SS SN? 


1) See note Table 15. 
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Table 18. 


Influence of the addition of KNO, to whey on the number 
of bacteria of strain 11 (Al). 
ee 


Sarin 2 on ‘ 
KNO, added in ee oni Turbidity after 


g per 100 1 a 94 hours 
0 18.108 per ml HVE) 
20 ATID ao IV 
40 OOS me IV 
60 De LOSS Es IV 
80 PASO ee IV 
100 Ze OS es III 


1) See note Table 16. 


So both potassium nitrate and nitrite can serve in the combat 
of the early gas defect. We have to add these substances in such 
amounts that the onset of the gas production will be deferred 
up till the moment in which lactic acid bacteria owing to their 
production of acid will be able to inhibit the activity of the blowing- 
positive bacteria. By means of experiments with cheese as well 
we have ascertained the action of these substances. Per 2.5 | milk 
we inoculated 1 ml culture of a blowing-positive strain. From 
either of two lots of milk (2.5 1) we made a cheese, having added 
to one lot either nitrate or nitrite, the other lot serving as a control. 
Table 19 offers some results. 


Table 19. 
Influence of KNO,; and KNO, on the production of gas in cheese. 


After 24 hours 


: Added per : Number of 
Cheese Strain 100 Pp me. Judg- blowing-posi- of 

4 KNO. ment | tive bacteria 

an iy mere 

109 11 (Al) — 4 25.000.000 5.20 
110 id. 40 g KNO; — 3—4 60.000.000 5.15 
115 i (Gay) — 4 250.000.000 5.00 
116 id. 100 g KNO, == 0 250.000 .000 5.40 
141 21 (11) — 5 250.000 .000 5.20 
142 id. 50 g KNO, — 3—4 | 250.000.000 5.20 
145 21 (11) — 4 60.000.000 5.05 
146 id. 80 g KNO; + 0 10.000.000 5.55 
143 Aaa) — 4 60.000.000 5.10 
144 id. 50 g KNO, — 3 60.000.000 5.10 
147 21 (Il — 4 60.000,000 5.05 
148 A 80 g KNO, + 0 60.000.000 5.55 


a 
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Fig. 9 shows the cheeses 115 and 116 (No. 41 = cheese 115 
and No. 42 = cheese 116). 


Fig. 9. The control of the early gas defect in cheese with KNO,. Nr. 41. 

Milk inoculated with 1 ml culture of the blowing-positive strain 11 (Al). 

Nr. 42. Milk inoculated in the same way and moreover supplied with 
100 g KNO, to 100 1 milk. 


We may note that both nitrate and nitrite without inhibiting 
the development of the blowing-positive bacteria may prevent 
the early gas defect. When the amount added is too small,, the 
bacteria after having decomposed it will anew produce gas. The 
use of these substances, however, entails disadvantages as nitrite 
will occur in the cheese acting inhibitingly on the lactic acid 
fermentation. So in cheeses in which the early gas defect has been 
succesfully combated the pH will stay on a much higher level. 
This is very undesirable as later on this may act unfavourably 
on the taste. These high pH did not occur when nitrate or nitrite 
had been added in too small amount, the nitrite then havin 
disappeared before the lactic acid fermentation was at its height. 

Moreover nitrate and nitrite may cause discolorations in cheese, 
the so called ,,nitrate margins” (1). 

Finally these remedies have the disadvantage that the de- 
velopment of coli-aerogenes bacteria not being disturbed nothin 


can be done against the fault of unsavoury taste caused by these 
bacteria. 
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When studying the action of KCIO, it directly appeared that 
this substance acts much more strongly on the production of gas 
by the blowing-positive bacteria than either nitrate or nitrite. 
Table 20 shows the amount of gas which coli-aerogenes bacteria 
could still produce from 40 ml whey after KCIO, had been added. 
During the initial period markedly less bacteria occurred in bottles 
which had been provided with chlorate than in those without it. 
Later on these differences grew less and after 24 hours they no 
longer existed. At that moment a very slight production of gas 
set ins which was hardly noticeable in this medium. 


Table 20. 


Influence of KC1O, on the production of gas from whey 
by coli-aerogenes bacteria. 


: ml gas produced after: 

Strain | KClOs ne in £85. P 

§ per 21h. | 41h | 46h. | 65h. 
4 (Il — 16.2 74.0 87.0 130.0 
4 (Il 5 0.1 1.0 12) 2.5 
11 (Al) — 8.0 45.5 54.0 81.0 
11 (Al) 5 0.1 1.4 1.6 4.0 
37 (12) -—— 7.0 17.5 19.0 23.5 
37 (12) 5 0.1 0.3 0.6 0.6 


The fact that coli-aerogenes bacteria after addition of 5g 
KCIO, still produce gas could be better demonstrated by means 
of lactose yeast extract with a phosphate buffer. After 2.72 g 
KH,PO, and 5.94 g Na,HPO.H,O had been added, the liquid 
thus reaching a pH of 6.9, more lactose could be fermented owing 
to the buffering action of these substances. Table 21 offers the 
result of an experiment, in which also the influence of the reduction 
of KClO, on the bacterial development has been determined. 

Addition of KCIO, acts very strongly on the production of 
gas and also inhibits the development of the coli-aerogenes bacteria. 
QUASTEL, STEPHENSON and WHETHAM(13) report that these 
bacteria can reduce chlorate into chlorite but that the chlorite 
formed brings this process to a close by its toxic action. This 
apparently does not happen at a concentration of 5 g per 1001. 
Indeed we may conclude from the onset of the production of 
gas and the normal growth accompanying it, that the chlorite is 
reduced further to a non-toxic, not further reduceable final product, 
presumably KCl. As we worked with very low concentrations 
we could not ascertain the nature of the intermediate products 
and of the final one. So KCIO, serves also as hydrogen acceptor 
in the fermentation of sugar and as such inhibits the production 
of gas. As the reduction gives rise to intermediate products which 
are toxic for the coli-aerogenes bacteria, the delay in the onset 
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Table 21. 


Influence of KCIO, on the production of gas by strain 4 (I1) 
from 120 ml lactose yeast extract to which phosphate buffer had 
been added. 


a  ——————————— 


KCIO ml gas produced after: Number of bacteria per ml after: 
3 
addet}igh.|eh.[43h.[95h.] on | 5h. | r4gh, | 19h. | 27h. 
— | 89.0 126.0 | 207.0 |227.0| 600.000 |60.000.000 |130.CC0.CCO | 250.000.000 | 300.000.0060 
5g/1001) 0.5 3.0} 30.0} 57.0) 600.000 6.000 2.500 | 30.000.000 | 250.000.000 


of production of gas is often much lengthened. Therefore chlorate 

acts much more strongly than nitrate or nitrite. 
In experiments with cheese we have further studied the action 

of KClO,. Some of the results obtained are recorded in Table 22. 


Table 22. 
Influence of KCIO, on the formation of gas in cheese. 
KCIO, After 24 hours: | 
. added Number at mg lactose per 
Cheese | Strain in g | Judg- birine toss pH 10 g cheese !) 


per 100 1} ment 


tive bacteria 


93° ITA 5 | 2.500.000.000 | 5.45 
94 id. ie al pe 25,000,000 | 5.45 
103 WIPYAT) ee 4 250.000.000 | 5.30 
1¢4 id. 2 0 2.500 | 5.25 
97 |20 (I1) sb 4 250.000.000 | 5.35 |90.9 after 9} hours 
98 id. 2 0 60.000 | 5.35 |85.4 after 94, 
85 | 4 (Il) - 4 250.000.000 | 5.05 
86 id. 2 0 6.000 | 5.05 
101 | 5 (11) 2% 4 25.000.000 | 5.30 |71.2 after 9} hours 
102 id. 2 0 6.000 | 5.30 |73.9 after 9} ,, 
soph QO 11D (AT) Cb scone 4 60.000.000 | 5.25 |69.8 after 9 hours 
100 id. 2 0 2.500 | 5.20 |69.8 aftcr 9 


” 


1) Initially + 200 mg is present. 


The cheeses were prepared in the same way as in the experiments 
with nitrate and nitrite. At the beginning of curdling both lots 
contained equal numbers of blowing-positive bacteria. By means 
of 2 g KCIO, per 100 1 milk we can prevent the production of gas 
and also inhibit the development of coli-aerogenes bacteria and 
so combat the fermentation taste as well. The lactic acid fermen- 
tation was not affected by the supply of chlorate, as appears from 
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the values of pH recorded in Table 22 and the estimation of lactose. 
The cheeses 85 and 86 are shown in fig. 10 (No. 36 = cheese 85 
and No. 35 = is cheese 86). 


Fig. 10. The control of the early gas defect in cheese with KCIC, Nr. 36. 

Milk inoculated with 1 ml culture of the blowing-positive strain 4 (Il). 

Nr. 35. Milk inoculated in the same way and moreover supplied with 
2 g KCIO; to 100 1 milk. 


As far as we could ascertain the use of chlorate did not involve 
any disadvantages, so that we deem KCIO; the most adequate 
among the means of prevention of the early gas defect. 


Summary. 


1. In our investigation of the early gas defect in cheese we 
have confined ourselves to the study of the action of the coli- 


aerogenes bacteria. 

2. We observed a marked difference in the measure in which 
various strains could induce this fault, although all of these 
produced gas in about equal amounts from lactose broth. Some 
strains produced much gas, other none or very little. According 
to this we could classify the bacteria of the coli-aerogenes group 
in blowing-negative and blowing-positive bacteria. As a rule the 
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coli types were blowing-negative, the aerogenes types blowing- 
positive. The intermediate types were one or the other. 

3. This means that no correlation exists between the number 
of coli-aerogenes bacteria in milk and the measure in which the 
early gas defect occurs in the cheese made from it. Neither does 
any correlation exist between the early gas defect and the number 
of coli-aerogenes bacteria in cheese. : ; 

4. By means of the fermentation and curdling test it may be 
ascertained in a simple way whether a definite strain is blowing- 
negative or -positive. ’ 

5. It appeared that the deviating behaviour of the blowing- 
negative bacteria was caused by the citric acid in milk. Citric 
acid in the sugar fermentation by the blowing-negative bacteria 
acts as hydrogen acceptor and is converted, probably via oxalacetic 
acid, malic acid and fumaric acid, into succinic acid. As long as 
citric acid is available, these bacteria can produce no or hardly 
any gas from lactose. 

6. The addition of citric acid to cultures of blowing-positive 
bacteria affected the production of gas quite differently; in fact 
it was increased, as these bacteria after some lapse of time pro- 
ceeded to ferment citric acid with production of gas. 

7. When the milk was contaminated with both blowing-negative 
and blowing-positive types, the cheese made therefrom as a rule 
was less blowing then when solely blowing-positive bacteria were 
present. 

8. It appeared that KNO,, KNO, and KCIO,; were able to 
prevent the production of gas from lactose by blowing-positive 
bacteria. The nitrogen of KNO, or KNO, was either assimilated 
or converted into NH;. KClO; is probably reduced to KCl. As 
long as these reductions occurred no gas was produced from 
lactose. When KNO, or KNO, had been added, the blowing- 
positive bacteria kept on developing unremittantly. During the 
reduction of KClO, the development of these bacteria, however, 
was strongly impaired. 

9. By means of these three substances we could prevent the 
early gas defect in cheese by adding such an amount to the milk 
that the production of gas by the blowing-positive bacteria was 
deferred up till the moment in which lactic acid bacteria could 
inhibit the activity of the blowing-positive bacteria. The use of 
KNO; and KNO,, however, implied disadvantages, as the lactic 
acid fermentation was impaired and so the pH in the cheese 
remained too high. Moreover no combating of the fermentation 
taste caused by the coli-aerogenes bacteria could be arrived at 
by these means as the bacteria kept on developing. KC1O,, however, 
prevented the production of gas as well as the occurrence of the 
fermentation taste and the presence of KCIO, did not affect the 
lactic acid fermentations. In our opinion among the means to 
prevent the early gas defect KClO, is the most adequate, 
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ABSTRACTS 


N. G. M. Orte, De aanwezigheid en de beteekenis van gisten 
in de luchtwegen. (The presence and the significance of yeasts 
in the air passages). Diss. Utrecht 1946. 


In the nomenclature of the pathogenic yeasts the system such 
as it is adopted by the Centraal Bureau voor Schimmelcultures 
has been followed. The occurrence of these yeasts in nature and 
also with patients and healthy people was checked by studying 
the literature. Several species appear to occur on dead material 
as well as on the human body, although for important yeasts such 
as Candida albicans and Torulopsis neoformans this is not the case. 

As far as the pathogenicity for animals goes it could be ascer- 
tained that Candida albicans (for rabbits) and Torulopsis neoformans 
(for mice and rats) possess pathogenic properties which are not 
explained by mere mechanical action. 

A separate survey was given of those cases in which infection 
was limited to the lungs. There are only very few cases in which 
the pathogenicity of the yeast is out of doubt; more cases exist 
in which the yeasts may merely either play a primary or at the 
outset secondary part, actually, however, aggravating the case of 
illness in question. Next to Candida albicans. Candida tropicalis 
and Trichosporon cutaneum may play a part. Especially through 
the results of blood-cultures it is an incontestable fact that Candida 
albicans plays a part in human pathology and that it is not correct 
to regard Torulopsis neoformans as only agent in this respect 
(DE MINJER). The more so as often the yeasts found in the pa- 
thological processes have been titled ,,Torula’”’ whilst often serious 
mycological objections have been ignored. 

Research of the author shows that in the cavity of the mouth 
and throat yeasts occur regularly. In blood-cultures, urines and 
pleurisy fluid no yeasts were found. Post mortem as a rule only 
a small number of yeasts were found in the alveolar tissue. The 
washing of the sputum, inducing the absence of throat-elements, 
is strictly necessary before any conclusion may be drawn as to the 
bacterial picture of the sputum. The presence of several bacterial 
(and mycotic) elements may not be considered as proof against 
the origin of these microorganisms out of the deeper air-passages. 

An outline was given of the isolated strains of yeasts, which 
were isolated in the different processes. About the significance 
of the presence of yeasts in the deeper air-passages nothing has 
been established with certainty so far. 

A well-defined clinical picture could not be connected therewith. 
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R. Sry DERIUS, Heterotrophe bacterién, die thiosulfaat oxydeeren. 
ea eae bacteria which oxidize thiosulfate), Diss. Amster- 
am 1946. 


Investigations have been carried out on the heterotrophic 
thiosulfate oxidizing bacteria. Not only the bacteria, isolated from 
culture media with thiosulfate or sulfur, were able to oxidize 
thiosulfate, but also some bacteria not isolated from thiosulfate 
enrichments. 

It appeared, that the capacity to oxidize thiosulfate is not a 
property, distributed at random over the bacteria of different 
genera, but the bacteria which possess this capacity, belong either 
to the genus Pseudomonas or to the genus Micrococcus. 

The Pseudomonas-type (culture A) oxidizes thiosulfate to tetra- 
thionate, so that the medium becomes alkaline, 


2 Na,$,0, + H,O + O > Na,S,0, + 2 NaOH. 


The Micrococcus denitrificans-type (culture 12) oxidizes thio- 
sulfate to sulfate and sulfuric acid, so that the medium becomes 
acid. As an intermediate product sulfite is formed. 


Na,S,0, + H,O + 20, > Na,SO, + H,S0,. 


As it was possible to identify the heterotrophic thiosulfate oxi- 
dizing bacteria as already well-known bacteria, it is clear, that there 
is no reason to place these bacteria in the genus Thiobacillus. Only 
the well-known autotrophic bacteria should be reckoned to the genus 
Thiobacillus. These are Thiobacillus thiuparus and Thiobacillus 
thiooxidans and probably also Thiobacillus denitrificans. 

Besides the. quantitative determinations of the different oxi- 
dation products of thiosulfate, by means of Warburg-manometers 
the quantity of oxygen needed for the oxidation of thiosulfate to 
tetrathionate and sulfate was also determined. The quantity thus 
found agreed well with the quantity calculated. 

From the experiments with the Warburg-manometers it appears, 
that the oxidative enzymes of the bacteria of the, Pseudomonas- 
type should be considered as constitutional enzymes, and those of 
the Micrococcus denitrificans-type as adaptive enzymes in the sense 
of KARSTROM. 

Schemes of the chemism of the oxidation of thiosulfate by a 
series of dehydrogenation reactions are given. 

Besides thiosulfate other sulfur compounds can also be oxidized. 
Culture 12 is able to oxidize hydrogen sulfide and cystine, on the 
other hand tetrathionate and taurine were not oxidized. Sulfite 
was so rapidly autoxidized, that it was not possible to prove that 
this compound was also oxidized by the bacteria. Pa el 

The Pseudomonas-type, as well as the Micrococcus denitrificans- 
type reduced nitrates to nitrites and nitrogen, and also often 
laughing-gas was produced. It should be pointed out here, that 
whenever nitrate is reduced to nitrogen, should also be determined 
whether laughing-gas is present. 
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Investigations have also been made, whether thiosulfate oxi- 
dizing bacteria can assimilate carbon dioxide. 

As theoretically the amount of carbon dioxide which can be 
assimilated by the Pseuwdomonas-type is so small, that it would 
not be possible to detect this with the usual determination methods 
of carbon, I tried to settle this point by growth experiments. But 
notwithstanding all precautions I took to exclude every trace of 
organic impurities, it was not possible to demonstrate the assimi- 
lation of carbon dioxide. Since the Micrococcus denitrificans-type 
can assimilate slightly more carbon dioxide than the Pseudomonas- 
type, STARKEY could determine the assimilation of a very small 
amount of carbon dioxide with one of the methods for carbon 
determination. My growth experiments could not definitely con- 
firm this, but there is an indication, that carbon dioxide assimi- 
lation is possible, so that it is highly probable, that these bacteria 
are really facultative autothrophic. 

It appeared, that nitrogen compounds in the form of ammonium 
chloride or potassium nitrate were necessary for the growth of 
these bacteria. 

The study of the pure cultures of strain A as well as of Pseudo- 
monas Stutzert was hampered by dissociation. 

Author’s summary. 


F. Rempt, Onderzoekingen over het phenomeen van SHWARTZ- 
MAN. (Investigations bearing on the problem of SHWARTZMAN). 
Diss. Utrecht, 1946. 


During our experiments, the aim of which was to come to a 
better insight into the mechanism of the SHWARTZMAN phenomenon, 
we have found a totally new phenomenon, which to our opinion 
can be of great value for further investigations into the nature 
of the SHWARTZMAN phenomenon and for the explanation of 
various clinical symptoms. 

A rabbit which once has had a parenteral contact with an active 
coli filtrate, seems to be able to react differently from a rabbit 
which never before has had such a contact. We found two different 
experiments illustrating this: 

1. If arabbit, after having had some time before (10 to 56 days 
at any rate; possibly also a shorter or longer period) a parenteral 
contact with coli filtrate, receives an intracutaneous injection with 
coli filtrate, and if this area is clamped off 24 hours later for 4 
hours, in many cases a local hemorrhage arises which cannot be 
distinguished from a SHWARTZMAN phenomenon. Without a former 
contact with the filtrate no hemorrhage appears. : 

2. Ifa rabbit, after having had some time before (one to at leas 
150 days) a parenteral contact with coli filtrate, and also, having 
been sensitized with horse serum, receives an intracutaneous in- 
jection of horse serum, almost always a phenomenon of ARTHUS 
arises, in the center of which in most cases arises a hemorrhage 
which cannot be distinguished from a SHWARTZMAN phenomenon: 
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a combined phenomenon of ARTHUS-SHWARTZMAN. Without the 
former contact with coli filtrate only a phenomenon of ARTHUS, 
as could be expected, was observed. 

ad 1. It appeared necessary to elaborate for the experiments 
of this series a special technic by which it would be possible to 
isolate temporarily from the general circulation the skin area 
prepared with bacterial filtrate. We have found the solution by 
applying a simple clamp to the skin. Clamping the skin appeared 
to have an important but only accessory effect on the appearance 
of SHWARTMAN phenomena. Firstly: clamping the skin brings to 
light a state of general preparation by coli filtrate, as is described 
above under 1. Secondly: with this technic it has been possible 
to invert the order of intracutaneous and intravenous injections 
with bacterial filtrate, as compared with the classical way, and 
to prolong the time interval between these two injections con- 
siderably. 

ad 2. From a group of 46 rabbits all showing a phenomenon of 
ARTHUS, in 41 animals combined phenomena arose, of which 27 
showed complete phenomena of SHWARTMAN, 5 showed weak 
phenomena of SHWARTZMAN and 7 showed subphenomena of 
SHWARTZMAN. Of a possible relation between the size of the ARTHUS 
component and the size and quality of the SHWARTZMAN component 
of the combined phenomena, nothing could be detected. Neither 
did it make any difference if the time between the last contact with 
coli filtrate and the intracutaneous (provoking) injection with 
horse serum had amounted to one day or 150 days: the SHWARTz- 
MAN phenomena occurred at random over the whole series. 

The fact of a single contact with a bacterial filtrate producing 
such a long period of increased tendency to the formation of 
hemorrhages, is to our opinion of great value for the explanation 
of various clinical symptoms. 

Author’s summary. 


J. VAN DER HOEDEN, ,,De Zodnosen”’. H. E. Stenfert Kroese’s 
Uitgevers-Mij N.V. Leiden, 1946. 

,»1n human and veterinary medicine, evidence of a certain reserve 
to break bounds to the ground which practice has reserved for the 
student of ,,the other medicine’’, has been repeatedly given. Instead 
of occupying with that which separates, in this book the attention 
is directed to the natural relation existing in many respects between 
the diseases of man and animals’. With these words the author 
alleges the task he had set himself in writing this book. There is 
no doubt that a book like this is urgently needed. From the labyrinth 
of literature it is almost impossible to get an impression of the 
relation referred to. Both to human and veterinary surgeons the 
author has rendered a great service by summarizing the data from 
literature as well as his own investigations upon various subjects 
of comparative pathology in such an excellent and conveniently 
arranged way. A description is given of the pathogenesis, the 
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epidemiology, the comparative clinics and the prevention of the 
animal diseases caused by bacteria, viruses, protozoa, moulds and 
yeasts, worms and arthropods, pathogenic for man. The human 
diseases, in which animals only serve as a virus reservoir, are 
discussed too. For the convenience of those who are interested 
in further details, many references have been gathered. This Look 
will prove to be a manual for ready reference on the border between 
human and veterinary medicine. pe Be 2 


(Pasteur Institute Bandoeng, Netherlands Fast Indies). 


INVESTIGATIONS INTO RABIES II?) 


by 
L. OTTEN + 
(Received December 24, 1946). 


1. RESULTS WITH FORMOLIZED VACCINE. 

In her last publication the late Maria J. OTTEN-vAN STOCKUM 2) 
(13) has reported on the statistical as well as experimental results 
of her investigations into rabies, covering many years. 

By means of an entirely new method of statistical analysis, as 
original in conception as simple in execution, she has shown that 
the usual methods of treatment seriously fall short in effectiveness. 
An antirabic treatment with monkey brain fixed virus, either live 
or killed by formaline, however, does not leave any doubt as to 
its effectiveness. An extensive expe1imental investigation furnished 
proof that monkey brain (10 % suspension in formaline of a con- 
centration of 1.5°/,, and heated during 5 days at 37°C.) gives 
rise to a fixed virus vaccine of superior activity, thus wholly 
confirming the validity of her method of analysis. 

For the complete records and protocols may be referred to this 
publication, whereas a survey of the results of all immunization 
experiments with rats and guinea-pigs, in as far as they have been 
carried out simultaneously and under equal conditions, may 
suffice here. As a rule the vaccinating doze was 20 mg injected in 
3 steps (3, 7 and 10 mg) in the course of a fortnight, and followed 
16 days later, thus 30 days after the immunization had been 
started, by intramuscular infection. For street virus the infecting 
dose was 50 mg (0.5 ml of a 10%, suspension), for fixed virus 
40—50 mg (0.5 ml of a 8—10 °% suspension). As a rule the number 
of test animals was 100 or more per experiment, grouped in series 
of at least 25; practically no treatment accidents occurred. The 
number of controls was 10 per experiment with a mortality rate 
of 80—100 °%,, in average slightly exceeding 90 %. 

Table I shows distinctly that: 

1. a concentration of 1.5°/,, formaline and a heating during 5 

1) Note of the Editors. Itisa privilege to publish this important 
posthumous contribution of the late Prof. OTTEN in which he pays a well 
deserved tribute to the highly interesting researches and achievements of 
his deceased wife, Mrs. OTTEN-VAN STOCKUM. 

2) Died May 26, 1940. 
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Table I. 


Formolized vaccine 
a Controis 
1. Concen- | Fs ae | 1.25°/,, 1/00 ee 4 
ore 61/220 73/220 109/220 58/6) 
(27.7%) 3) (33.2%) (49.5%) (96.6%) 
— EEE 
tr eR pe wr ats ae 
2. time of 41/170 | 59/179 | 1¢/50 | 21/50 | 28/75 | 41/75 . 
Hearing (24.1%) | (34.7%) | (20%) | (42%) | (37.3%) | (54.6%) 68/70 
(days) 47/245 <P ne — | — Piss (o7cem 
(19.2%) | (45.6%) | 
monkey rabbit sheep 
4 eae 82/400 162/400 158/400 122/130 
(20.5%) (40.5%) (39.5%) (93.8%) 
on ike 1.5% formolized 1% carbolized 
rs sole ee (5 days 37° C.) (SEMPLE) 
monkey 80/350 (22.8%) | 150/350 (42.2%) 58/60 
brain 18/125 (14.4%) 45/125 (36.0%) (96.6%) 


1) To be read: after infection 61 of the 220 immunized rabbits died of rabies (= 


mortality). 


27.79 


days at 37°C. provides for the best results. The difference in rate 
of mortality induced by the concentration of 1.5 and of 1 °/.. 
amounts to 21.8 %, far in excess of the average deviation (o 4.5); 
between the groups of 1.25 and 1°/,, formalin the difference is 
significant as well (16.3 % o 4.6). The difference owing to the 
period of heating is also striking: in the largest group with 1.5 °/,. 
concentration it exceeds if not the average deviation (10.6 %, o 4.9) 
then the probable deviation (10.6 %, + 3.3). The difference between 
both extreme groups which are acted upon both by concentration 
and by period of heating is of course the most pronounced 
(26.4 % o 4.1). 

2. Monkey brain furnishes a much more active antigen than 
rabbit or sheep brain; the rate of mortality is reduced to nearly 
half (difference 20 and 19 %, respectively o 3.1). 

3. The formalized vaccine gives better results than the 1 ° car- 
bolized vaccine of SEMrIE, more especially when monkey brain 
is used; the mortality the former entails is even 2} times lower 
(21,0795 <@'53), 


The results of antirabic treatment in man agree herewith. An 
experiment with carbolized vaccine in early treatment (in the first 
week after the bite when best results may be expected) covering 
the years 1922—30 produced among 12 cases of rabies no less than 
4 ,,failures’’, vzz., cases of rabies, in which the symptoms set in 
more than 30 days after the treatment has been started. In the 
course of more than 25 years among 52 cases of rabies treated in 


Investigations into Rabies IT. 103 


the first week with the live and later with the formolized vaccine 
not a single ,,failure’” has been recorded. The fact that also with 
the monkey brain fixed virus, live as well as formolized, a result 
may be attained which well may be claimed maximal appears from 
Table II, recording the results of the preventive treatment in man 
(Indonesians in the first week after the bite) with various, suc- 
cessively applied methods. 


Table IT. 
number of cases 
number, of rabies hae 
Method of treatment of : . a “fail ie 
treated ay jae | tality oe 
total days days 
after bite 
|. Dry cord rabbit 
(attenuated) 
1895—1905 1.398 65 30 35 4.6% Sle BO, 
. Rabbit brain (live) 
1906 — medio 1916 3.167 92 53 39 DHE BS == BNO 
. Monkey brain (live) , 
medio 1916—1932 2753 33 32 1 oe 0% 
|. Monkey brain (for- 
molized vaccine) 
1930—1941 3.108 19 18 1 0.6% 0% 


As Maria J. OTTEN-VAN STOCKUM in the paper quoted and in 
her treatise of 1935 (12) has fully pointed out, the rate of mortality 
from rabies during or after treatment as such can never be a reliable 
measure for the effectiveness of the method followed. So it is not 
the strong reduction in mortality but the reduction in the occur- 
rence of ,,failures’’ which has chiefly to be pointed to. Not a low 
rate of mortality but the complete absence of ,,failures’’ furnishes 
proof for the outstanding quality of the antigen used since 1916, 
the monkey brain fixed virus. Even in delayed treatment, up to 
the 3rd—4th week after the bite, the number of ,,failures’’ remains 
extremely low: on a total number of 10.069 Indonesians which 
had been treated with this fixed virus, live or dead, 132 cases of 
rabies occurred with merely 2 ,,failures” (both having been attended 
to in the second week) e.g., not more than 1.5 °y. 

This table also shows that the treatment with formolized monkey 
brain virus does not by any means lag behind that with live virus, 
corroborating the results of the alternating experiments in 1930-38. 
Not a single ,,failure’’ had occurred then and the rate of mortality 
in the group treated with dead fixed virus (4/626) was even less 
than half that of the group treated with live virus (9/621). As a 
matter of fact the vaccinating dose of the formolized vaccine was 
higher than the dose of the live vaccine, 1120-1520 mg and 
470 mg respectively, but even this maximum dose of about 1.9 g 
may be claimed as very low, when compared with the doses of 
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dead vaccine such as they are administered in other modes of 
treatment and which in some Institutes may come up to 8—10 g 
and even more. 

Next to a difference in the rate of mortality between both 
methods of treatment closer investigation also reveals a difference 
in the period of incubation. This appears from Table III recording 
the average periods of incubation for all cases of rabies when 
treated with live virus (H6GyEs-method), covering 1916-37 and 
those treated with dead virus (formolized vaccine) covering 1930-41. 
The cases have been grouped according to the position of the wound 
and those having been attended to in the first week after the bite 
have been inserted separately in brackets. 


Table III. 

| ' Average incubation : 

| al 

Pasttioneie etl when treated with monkey brain fixed virus 

i live | dead 

“number incubation | number incubation 
head 39 (2¢) | 24.0 (21.6) | 25 (12) 22.4 (19.4) 
arms 20) 2) g2.2 (25.2) 8 ( 3) 26.7 (22:5) 
legs 19 (6) | 30.2 (265) | 11( 4) | 27.0 (21.5) 
Total 85 (33) | 28.0 (23.2) | 44 (19) | 24.2 (20.2) 


In the treatment with dead virus the incubation period appears 
to be shortened for some days for wounds of the head as well as 
of the limbs !). This does not in the least agree with the conclusion, 
drawn by Nitscu (10), based on the shorter incubation periods of 
treated cases when compared with untreated, who assumes that 
the reduction in the incubation period would be owing to the 
treatment with live although attenuated virus. That he is entirely 
in the wrong and that this shifting of the incubation period is the 
unevitable result of the inverse selection of the group of the treated 
in respect to the group of the untreated has been pointed out 
already by Maria J. OTTEN-VAN STOCKUM in her monography. 

This does not mean that even now this view has been completely 
abandoned; in fact Proca and Borers (14) have claimed in 1940 
that it might be conceived, that live virus would accelerate the 
course of rabies infection ?). The risk that street virus would more 
easily arrive at a general dessimination under the influence of 
fixed virus, was even deemed so serious that in Boecarest in 1936 


') In contradistinction to the longer incubation which is generally noted 
for wounds of the head when compared with those of the aims, the above 
figures show practically no difference: the fact, that cases with longei 
incubation are prevented owing to the effective treatment, may perhaps 
explain. this, 

*) , might not impossibly accelerate the course of the rabies infection” 


————— 
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an attenuation of the treatment was introduced (by omitting cord 
of 1—O days drying). 

In consequence the number of cases with a short period of in- 
cubation actually decreased from 70—80 %, to 10%, but on the 
other hand the rate of mortality appeared nearly doubled when 
compared with that in two preceding years and the number of 
, failures” increased up to 60—70 %! ~ 

The opposite happened in Tonkin, where GENEVRAY and DopiRO 
(3) after reinforcement of the Pasteur treatment (by the intro- 
duction of a period of drying of 1—0 days) could report a reduction 
of the rate of mortality of + 50°, along with a reduction in the 
number of ,,failures’’ to less than half. In 1926 to medio 1929 
among 2440 treated 24 cases of rabies occurred, among which 6 
failures’ (25 °%), in the succeeding 34 years this number 
amounting to 17 out 3523 cases, among which 2 ,,failures’”’ (11.8 %). 
Meanwhile DopERo (2) makes the same mistake when, based on a 
comparison of the incubation periods between treated and un- 
treated, he concludes that the antirabic treatment would shorten 
the period of incubation. Apart from the fact that he worked with 
incomparable groups this conclusion is surprising as not merely 
the number of ,,failures’’ but the total mortality markedly de- 
creased. When a reinforced treatment with live c.q. attenuated 
virus would actually lead to an earlier onset of the disease, it might 
be expected that such a harmful influence would lead to the activat- 
ing of the infection process in a number of cases where otherwise 
it would not have developed, in other words far from a marked 
reduction in the number of cases of rabies an increase in mortality 
would have to be expected. 


Moreover the view adhered to by the latter authors is quite contrary to 
the findings in experimental immunisation against bacterial infection, 
However acceptable the occurrence of a negative phase may sound theo- 
retically, rather the contrary appears in vivo, for indeed test animals in 
active immunization, irrespective of the nature of the vaccine live or dead, 
far from displaying a weakened resistance, will as a rule prove to possess 
from the very first days an increased resistance against injection, revealing 
itself by a reduced rate of mortality along with a lengthened period of life 
when compared with the untreated controls. When an antigen low in activity 
has been used, this lengthening of the period of life, c.q. of illness, is often 
the only, be it weak, ‘symptom of the existence of immunity. 

Similar data bearing on immunization by invisible viruses, more especially 
by fixed virus are not known to me. From post-infectional immunization, 
such as it is induced by the treatment in man, hardly any experimental 
success may be expected, at least not when small test animals such as rabbits 
or guinea-pigs are used. Having classed my own material in as far as this 
bears on the immunization with live fixed virus, the period of incubation in 
rabbits died from infection with street virus appeared to be averagely 2.5 
_ days longer than that of the comparable controls. Although in these ex- 
periments the immunization had occurred prae-infectionally, a certain analo- 
gy with a negative phase exists. In fact as the result of the treatment nearly 
1/3 of the animals died from an infection with fixed virus with an average 
period of life of 18 days (min. 13—max. 23), thus during the last days or 
even after the period of immunization. So the survivors on the date of 
infection thus might be expected to have hardly recovered from a serious 
infection with fixed virus and many of them would have had to stand the 
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virus infection rather with a weakened than with a strengthened resistence. 
Still the rate of mortality, although high (33%), was three times lower 
than that of the controls (90 %4) and was accompanied by the lengthening 
of the period of incubation mentioned above; in the rabbits immunized 
with fresh formolized vaccine without any treatment accident a lengthening 
of the period of incubation, with 3.3 days was recorded, thus only 0.8 day 
longer, although the mortality was merely 9.1 %. 


Be this as it may, the mere observation that the average period 
of incubation in cases of rabies treated with formolized vaccine 
shows a definite shortening when compared with those treated 
with live vaccine sufficiently disproves the assertion that this 
sho1tening should be ascribed to the action of the live fixed virus. 
Thus is left merely the question as how to explain the shortening 
of the period of incubation: whether this phenomenon might be 
claimed the proof of a still more efficient immunization in such 
a sense, that not only all cases are saved in which the onset of 
illness would have occurred more than 30 days after the commen- 
cement of treatment, but also part of the cases with a still shorter 
incubation is spared. 

In her investigations on rabies MARIA J. OTTEN-VAN STOCKUM 
has assumed an ideal method of treatment by means of which the 
gradually developing immunity attains its height 30 days after 
commencement of the treatments and can then prevent any further 
cases of rabies, ,,failures’’, irrespective of the moment the treat- 
ment has been started. The maximal period of incubation for this 
hypothetical treatment, when started in the first or the second 
week after the bite, was calculated to 36 or 43 days respectively, 
whereas the longest period of incubation observed in the treatment 
with live monkey brain fixed virus in the first two weeks after the 
bite amounted to 32 and 38 days respectively, thus 4 and 5 days 
shorter. This led her to the suggestion that a still further reduction 
of the rate of mortality, viz. within the 30 days mentioned, might 
be possible. 

It appears striking that the longest period of incubation recorded 
nowadays in the treatment with formolized vaccine in the first two 
weeks after the bite amounts to 27 and 35 days respectively, thus 
markedly lower than the calculated limit. Whether actually still 
more can be attained at with the formolized vaccine than what 
was Claimed possible by MArtA J. OTTEN-VAN STOCKUM may only 
come to light, when a more extensive material will be available. 


Although among the European moiety of the population rabies 
is much less frequent, for the sake of completeness in a synoptical 
table may be recorded the total number of persons, Europeans 
(Eurasions) as well as Indonesians, who have been treated since 
the foundation of the Institute Pasteur (cf. Table IV). 

As between both groups no difference has been made, except 
that for the European group as a rule a lower dosage has been 
chosen, it is oovious that the remarkedly lower rate of mortality 
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Table IV. 
Europeans | Indonesians 
number number 

Period 

cases 

treated of mor- contact treated - | oe mor- contact 

rabies | tality cases } tabies | tality cases 
Se a ae a a a a ee a eee 
J5-1900 669 6 OE) Sz — 915 on 4.0% — 
)1-1910 1382 3 Qe2o% 28.0% 2815 94 3.3% hae 
11-1920 1932 5 Ones 42.5% 3931 78 9°7 3.6% 
21-1930 1478 1 0.07% 48.5% 4213 49 lee 3.4% 
31-1940 498 0 OFRISG 28.0% 5378 59 1.1% 1.6% 
ee 


in this group cannot be explained by any better effect of treatment 
in Europeans. It is simply the result of the fact that the risk of 
infection is much less. Not only that wounds in the head, the 
most dangerous cases, are unfrequent, but the wounds are mostly 
of a less dangerous nature, as the number of contact cases, in which 
the risk of infection falls practically to zero, proves. Among the 
Indonesians these contact cases amount to hardly 2.5% of the 
total, whereas in the European group they amount to 39 %, in 
1921-30 even to nearly 50 %. 

Be this as it may even in the latter group the improvement in 
efficiency of the successive methods of treatment can be clearly 
recognized: 

1. PasTEUR-method (1895-1905): 9/1421 (mortality 0.56 °%), among 
which 7 ,,failures’” (77.7 %). 
2. HocyeEs-method: rabbit brains (1906-medio 1916): 4/1610 

(mortality 0.25 %), among which | ,,failure’’ (25 %). 

3. Monkey brain fixed virus, live and dead (medio 1916-1940): 

2/2919 (mortality 0.07 °%), among which 0 ,,failures’’. 


Although the mortality in treatment with monkey brain fixed 
virus is very low, I shal] refrain from drawing any conclusion as 
to the results obtained in Europe with different methods of treat- 
ment. Although ,,failures’’ are lacking, the material is too scanty, 
the number of factors influencing the risk of infection too incal- 
culable to allow of any comparison. My detailed critical examination 
of the method followed by Mc. KENDRICK (9) in his statistical 
analysis of all rabies material may throw further light on this '). 

As to the duration of treatment which amounted to a fortnight 
for slight wounds, to 3 weeks for severe wounds and for belated 
cases, MariA J. OTTEN-VAN StockuMm could not ascertain any 
marked difference in the content of rabicide substances, by means 
of serological tests in a number of bitten persons, part of whom 
had been treated during 14 days, part during 21 days. It is true 


1) See postscript on the first part of the publication of Maria J. OTTEN- 
VAN StTocKum (13). 
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that after a short treatment the initial increase in rabicide activity 
of the serum lagged behind that obtained after a longer one, but 
after 30 days the rabicide activity, irrespective of the duration 
of treatment, appeared to have reached a same level. Therefore it 
was not possible on the base of this small difference to settle the 
point whether the fortnightly treatment would lag behind that of 
3 weeks, the less so as the content of rabicide antibodies may not 
be claimed a wholly reliable measure of the degree of immunization 
actually existing. ' 

So for settling experimentally in how far a shortening of the 
duration of treatment, desirable in many respects, would be 
justified, only one more method was available, viz., the alternating 
treatment. The results of such a treatment which was carried out 
in 1939-42 and remained confined to those cases which had been 
attended to no later than 14 days after the bite, are recorded. 


Table V. 


| period of treatment 


Attended t 
Cope 2 weeks 3 weeks 
in Ist week after bite 3/580 2/558 
nr 2nd» ;, “5 ‘ 4/267 5/276 
total 7/847 7/834 


Thus in a two weeks’ treatment as many cases of rabies occurred 
as in a 3 weeks’ one. The localization of the wounds was also 
nearly equal: 4 in head, | in arm and 2 in legs in the first group, 
4 in head, | in leg and 2 in arms in the second group. The material 
is still too scarce to allow of a definite conclusion, the less so as 
merely 2 out of 7 cases had been subjected to a complete treatment. 
Still the similarity ir results and most of all the lacking of ,,failures”’ 
even in a short treatment is such that it may be claimed en- 
couraging. 


2. KEEPING QUALITY OF THE FORMOIIZED VACCINE. 

As in course of time the formolized vaccine appeared to answer 
the expectations, it was obvious, that the possibility of centraliza- 
tion had to be studied. Although for many reasons it may be 
preferable that not merely the preparation, but also the antirabic 
treatment take place in a Central Institute under expert super- 
vision, one great objection may be raised, viz., the delay in treat- 
ment and this the more so in an archipelago with limited means of 
speed traffic. Even leaving alone the high costs of travelling and 
residence, this drawback is so serious that decentralization is 
indicated as soon as a reliable vaccine of a satisfactory keeping 
quality is available. 


So first of all it appeared indicated to ascertain in how far activity 
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kept pace with keeping quality of the formolized vaccine, ies, 
whether it would keep active when ready for use as a 2 °% suspension 
it was kept at room temperature, c.q. in cold storage during some 
months. In order to scttle this point, from monkey brain fixed virus 
(prepared as usual as a 33°, suspension in 70 % glycerol at 
12—15° C. and kept stored below 0° C.) a 16 °, formolized vaccine 
was prepared. Periodically, ay a rule 3, 2 and 1 month before the 
commencement of the immunization experiments, dilutions into 
2% suspensions were made, which were kept stored at room 
temperature (22° C.) c.q. in cold storage at 5° C. In order to check 
the fixed virus in hands to its activity a 10 °,, formolized vaccine 
freshly prepared from the concentrated suspension (after dilution 
into 2 % suspension) was tested out. 

All in all 7 experiments with rabbits have been carried out, 
exactly following the technique applied by Maria J. OTTEN-VAN 
STOCKUM. Per sample of vaccine 20—25 rabbits have been used, 
as checks at most 10, which number sufficed owing to the strong 
virulence of the infecting street virus. 


Although in fact the use of street virus for the testing of the antigenic 
value of the antirabic vaccine by means of intramuscular infection is prefer- 
able to the use of fixed virus this is mostly abstained from, it being claimed 
that the virulence of street virus would not only be variable, but also weaken 
rapidly. / 

It is perfectly true that in an initial test the virulence of street virus 
mInay vary greatly, but this depends mostly on the condition of the brain 
matter when injected. A slight putrefaction may suffice for weakening 
strongly the virulence of the virus. Moreover tests on virulence of this 
nature have often been confined to very few animals (1—2), a fact which 
owing to the widely divergating individual resistance may lead to very 
misleading results. However, when a number of at least 10 animals is in- 
jected intramuscularly with fresh brain matter, in most cases a mortality 
of 80—1C€0 °% will be reached. The virulence of street virus which in moderate 
dosage ((.5 ml of 10 °4 suspension = 5) mg) meets these demands may 
certainly be qualified as quite satisfactory. 

In a systematic investigation, carried out in 1940-42 of fresh Negri- 
positive material, mostly derived from Bandoeng and surroundings, 25 out 
of 32 day brains, thus over 75 °4, yielded this result. In 32 series of 1) rabbits 
che inortality amounted to 2 x 60%, 5 x 70 °>, 13.\ 80%, 7 N90 
and 5 x 1€0%, averaging 82.5%; the shorted period of incubation, or 
rather term of life, amounted to 10) days, the longest to 30, the average 18.3. 
Although its weight is merely 1/3 of that of the rabbits, the guinea-pig in 
this respect appears to be slightly less susceptible; among 32 series which had 
been put up simultaneously with those of the rabbits and thus were wholly 
comparable, the number mecting the above demand was about 65 % (21) 
of the total (3 x 60%, 8 x 70%, 9 x 80%, 9 x 90% and 3 x 100 %, 
averagely 77.5 % mortality). The duration of life varied from 9 to 37 days, 
averagely 19.4. i 

The second objection against the use of street virus is also unfounded, as 
long as an adequate storage is provided for. When the street virus prepared 
as has been described for fixed virus is kept stored as a 33 % suspension 
in 70 % glycerol at 12—15° C. below 6° C., it can keep up the same virulence 
during several months and even several years, at least invariably yield equal 
results when administered in a dosage of 59 mg intramuscularly. 

As an example may be cited street virus no. 44/40 used in most of my 
experiments which inthe initial test (29-12-1940) had yielded 100 % mor- 
tality in a period of 20--29, on the average 24.5 days. Among 15 series of 
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10 rabbits it induced practically constantly a mortality of 100 % within 
the first month; one rabbit survived the infection and only once death 
supervened after 34 days. In the final lot of 10 rabbits inoculated nearly 
2 years later (10-12-1942) all died in the course of 13—21, on the average 
15.9 days. 5 series of guinea-pigs, infected in the course of the same period, 
yielded about equal results: a mortality of 9C—100 % (47/50 = 94 %) in 
the course of 10—29, on the average 18.4 days. 

Another street virus, no. 11/38, which had been in use by MARIA J. OTTEN- 
VAN StockumM during 2} years, in 14 series of 10 rabies yielded a mortality 
of 90—100 % (138/140 = 98.5 %) with a duration of life of 11—40 days, 
averagely 18.1; in 6 rabbits, e.g. not yet 5 %, this amounted to more than 
30 days. Among 40 series of guinea-pigs inoculated with this virus along 
with the rabbits, mortality reached from 70 (1 x )—109 % (369/400 = 92.2%) 
with a period’of life of 9—53 days, averaging 19.7; a larger number of guinea- 
pigs survived the infection more than a month, viz., 46 (12.4 %). 

In the following schedule*the results are recorded synoptically obtained 
with these two street viruses along with those of a few other ones having 
been tested in the same way during a shorter period and offering the same 
picture (cf. Table VI). 

As a matter of fact it is plausible that in regions, where hydrophobia 
occurs merely sporadically, the street virus may be of lower virulence than 
in Java, where the epizodtic occurs endemically and ever and anon gives 
rise to local epidemics. All the same it will be possible, provided none but 
fresh material will be applied and adequate conditions of storage are kept 
up, to obtain regular results, be it perhaps by means of a higher dosage. 
Preliminary tests will then be unavoidable but the amount of works and 
costs involved will surely be counterbalanced by the primary importance 
of the use of intramuscular injection with street virus in tests of active 
immunization, which gives the nearest approximation to the mode of trans- 
mission such as it occurs under natural conditions. 


The vaccinating dose amounted to 20 mg injected in three steps 
(3, 7 and 10 mg) in the course of a fortnight, 16 days later thus 
30 days after commencement of the immunization followed by 
intramuscular injection with street virus in the dose of 50 mg. 
As after some experiments it appeared that a 2% suspension 
even when stored at 50°C. decreased fairly rapidly in activity, 
also the 10 %, suspension was tested. In the synoptic table VII 
results of all experiments are recorded; merely one out of 70 controls 
survived the injection. 


Owing to the great number of vaccine samples which had to be 
tested simultaneously, it was not possible to run a complete com- 
parative test along with each experiment. None the less all the 
experiments show clearly that the formolized vaccine with in- 
creasing age decreases in activity. This is most pronounced at 
room temperature, but even at 5° C. the decrease is unmistakable 
in the 2 % suspension and, although in a lesser degree,in the 10 %. 
More especially at room temperature the results with a same 
sample of vaccine divergate markedly; so the mortality caused 
by a 2 % suspension, having been kept stored at this temperature 
during 3 months, varies between 20 and 68 %,, by another, having 
been kept stored during 2 months, between 10 and 52%. This 
will have to be ascribed primarily to a difference in quality of the 
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antigens in question as even in series treated with freshly prepared 
vaccine mortality varied from 0—20 °, 1). 

A perfectly reliable evaluation of the keeping quality of the for- 
molized vaccine can only be arrived at by means of a simultaneous 
testing of the samples of vaccine, rendering the rates of mortality 
wholly comparable; such data are inserted in Table VIII; the 
total amount of rabbits treated with fresh formolized vaccine 
being lower than those inserted in the other colums, will not need 
any further explanation. 


Table VIII shows distinctly that: 

1. The activity of the formolized vaccine, irrespective of the con- 
centration of the suspension and of the temperature of storage, 
gradually decreases in the course of months. The difference in 
mortality between both extreme groups, that of fresh and 3 months 
old vaccine, is greatest, but a marked difference exists also between 
the group of 1 and of 3 months (16.6 % o 3.9). 

2. The activity of the formolized vaccine irrespective of con- 
centration is kept up better at 5° C. than at room temperature, 
the difference in total mortality amounting to no less than 15.8 °, 
o 4.2. 

3. The activity of the formolized vaccine is better kept up as a 
10 % suspension than as a 2 °,, dito both at room temperature and 
at 5° C. The difference in total mortality amounted to 77.7 % o 3.5 
and is thus within the average deviation, but outside the 
probable error (7.7 % + 2.2). 

Although in one respect this investigation was disappointing, 
in as much as the formolized vaccine, when stored as 2 % suspension 
ready for use at room temperature, appeared to be of a lesser 
keeping quality than formolized vaccines use to be, in another 
respect it furnished proof that the 10°, suspension -when stored 
at 5° C. decreased very slightly in activity. So it appears perfectly 
warranted for antirabic treatment to send out the vaccine in this 
shape, provided adequate precautions as to temperature have been 
taken, for use after dilution into 2 °, within the period mentioned. 
As aeroplanes have developed into a general means of traffic and 
the ice-box at least in the tropics may be considered a regular 
kitchen ustensil, the objections against forwarding and storage are 
of no weight when compared with the preponderant objection 
involved in delay of treatment. As in Java the speed traffic has 
already developed satisfactorily, it seems to me that here cen- 
tralization is not immediately needed. The need for it is doubtlessly 

1) In the rabies department according to need (usually weekly) part of 
the concentrated (33 %) fixed virus suspension (always a mixture of brain 
of 3 monkeys) is worked up into 10 &4 formolized vaccine. The daily amount 
needed is diluted into 2 °%% suspension and kept ready for use (4 ml = 80 mg). 
As for the successive experiments, the interval between which covered 
3—6 months, the 33 °4 suspension then available for the antirabic treatment 
was used which is used up in 1}—2 months, these imunization experments 
have involved 7 lots of fixed virus suspensions. 
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most urgent in Celebes (Makassar), next to Java the centre ot 
hydrophobia in Netherlands East Indies. 


3. CHLOROFORMIZED VACCINE. 

Since 10 years in U.S.A. the chloroformized vaccine has taken 
its place next to carbolized vaccine, which at least in veterinary 
practice it may come to substitute, when further investigation 
might confirm the unfavourable results as to the activity of the 
carbolized vaccine (WEBSTER (17, 18, 19), HABEL (4), WycKorr 
(20, 21)). Up till now communications about chloroformized vaccine 
are few and especially parallel investigations with carbolized 
vaccine have scarcely been carried out. 

KELSER (7) confined himself to 5 immunization experiments with 
1 °4 chloroformized vaccine in a small number of rabbits; 53 °, 
(16/34) appeared resistant against subdural infection, whereas not 
a single check survived (8/8) and 91 % (2/24) against intramuscular 
infection, 30 % (7/10) of the checks surviving. KELSER reports 
to have reproduced these results several times; however, in these 
tests a fairly weak intramuscular infection was involved, con- 
sidering the mortality of the checks which varied from 40—80 °,.. 
Moreover the vaccinating dose amounted to 2—4 ml of a 33%, 
suspension (660—1330 mg), for a rabbit a very high dosage. The 
short report finishes with the suggestion that in dogs a dose of 
5 ml might appear active against natural infection. 

SCHOENING (16) reports that in 2 experiments with chloro- 
formized vaccine after intramuscular infection with street virus 
all dogs survived (0/9 checks 11/14), whereas not yet 60 % (5/12 
checks 9/11) survival could be obtained with carbolized vaccine. 
There is, however, only one experiment in which both vaccines 
have been tested simultaneously, resulting in no mortality with 
the chloroformized vaccine (0/4) and 30 &, (3/10) with the carbolized 
vaccine. But even this experiment can hardly be claimed com- 
parative as two different samples of carbolized vaccine have been 
used, the one yielding 100% (0/5) survivals, the other 40 °;, (3/5). 
Besides the dosage of the carbolized vaccine as a rule was lower 
and half of the dogs treated herewith were injected at a 10 days 
later date. Although the results of these experiments may hardly 
be claimed convincing, SCHOENING claims that according to the 
data available, chloroformized vaccine is superior to the carbolized 
vaccine, be it under the restriction that the drawing of a final 
conclusion has to be postponcd till practical results will be available. 

BARNES, MrrcaLre, Lentz and MARTINDALE (1) report on an 
experiment with chloroformized vaccine in dogs, 35%, (7/20) of 
the dogs dying off against 55 % (11/20) of the checks, at first sight 
thus a better result than the one obtained in 1930 with carbolized 
vaccine in which a mortality of 89 °, (24/27) against 91 °, (10/11) !) 


_ 1) Barnes takes the reinfections also into account and discards the 
intravenous infection and that by means of bite, because here all checks 


Investigations into Rabies IT, 115 


of the checks was reported. The total amount, however, also 
contains the results of intramuscular and intravenal injection, 
amounting to 0/7 and 0/3 in the vaccinated dogs and 1/7 and 0/3 
in the checks. When these two groups with an extremely weak 
infection are discarded and merely the subarachnoidal infection is 
taken into account, the result is 70°, mortality among the vac- 
cinated dogs (7/10) against 100 °,, (10/10) of the checks. This is a 
relatively good result considering the mode of infection and its 
severity but alin all we are here concerned with a single experiment 
and a single sample of vaccine. So Barnes ef al. conclude very 
prudently that perhaps this vaccine might have some effect upon 
certain strains of street virus. 

REICHEL and SCHNEIDER (15) carried out some experiments with 
dogs and rabbits in which vaccines prepared in various ways have 
been used. The only experiment in which chloroformized vaccine 
has been compared to a carbolized one concerns a single test with 
two lots of 3 rabbits. Amoug the rabbits treated with formolized 
vaccine merely one survived the intralingual infection with fixed 
virus; the checks gave a similar result whilst the 3 rabbits.immu- 
nized with carbolized vaccine survived. 

WEBSTER (17, 18, 19) obtained entirely negative results in mice 
with carbolized as well as with chloroformized vaccine; he reports 
that the chloroformized vaccine in intraperitoneal immunization 
as a rule js effective, carbolized vaccine only rarely. When tested 
on puppies the chloroformized vaccine appeared to be more active, 
in'4 experiments in as far as these bore on a comparative investi- 
gation, 58% mortality (14/24) occurred whilst the carbolized 
vaccine gave 81 °., (31/38) mortality against 88 °,, (22/25) in checks. 
In connection with this relatively high mortality a 5th experiment 
with a higher dosage of the chloroformized vaccine has been put 
up, partly intraperitoneally (2 > 5, 10 or 20 ml), partly subcutane- 
ously (2 » 5 of 10 ml); with the former method of immunization 
the mortality after infection amounted to 23°, (3/13), with the 
latter 50 °;, (4/8) against 100 °,, of the checks (4/4). Here, however, 
no carbolized vaccine has been tested. 

Although there is a considerable difference in mortality (23 °,,) 
in the first 4 experiments, when the tables are inspected more 
closely, it appears that next to 6 carbolized vaccines only 2 chloro- 
formized ones have been tested, whereas only chloroformized vac- 
cine No. 1 and carbolized vaccine No. 9 have been put up simultane- 
ously, although in small lots and not even in equal numbers. Next 
to this merely two single lots are comparable (see Table IX). 

So the difference in mortality induced with a partly weak, partly 
reinforced intramuscular infection with street virus after im- 
survived. The same, howevcr, keeps true for the intra-ocular infection, at 
least for the initial one and so it scems to mc more justified here to take 
into account merely the sub-arachnoidally infected dogs. These numbered 
23.7 of which survived the first infection, thus 20 25 against 20°, of the 
checks (8/1i), a somewhat larger difference but sti] of low significance. 
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Table IX. 


vaccine result vaccine result | controls 
t \| 
Chloroformize4 no, 1 1 4 carbolized no. 9 4/5 5/5. (2"delion 
4/4 2:3 2/4, (20) doin 
215 1/3 1/3 (2) delanel 
: 7/13 (54%) =i 'T/11 (642,) 8/12 (66%) 
Chloroformized 1. 1 | 9/5 carbolized no. ! ers 4:5 (2) dima 
7 Sa Big 5/6 Soh Gt 66 (1 d.le.) 
total | 14/24 (58° 9) total 13/19 (68°,) , 18/23 (78%) 


nS 


munization with either chloroformized vaccine No. | or carbolized 
vaccine No. 3 appears not to exceed 10 °,,; the sum total of all the 
comparable experiments yields the same small difference. T’ has 
moreover to be kept in mind that in these experiments an - ;ual 
volume (5 ml) has been administered, although the carbolized 
vaccine is employed in a 33°, uspension, whilst carbolized vaccine 
as a rule contains a suspension of not over 10 °,,. WEBSTER had 
in view the testing of the activity of these commercially supplied 
vaccines according to the dosage indicated !). It is clear, however, 
that even if these tests had furnished proof of the superiority of 
chloroformized vaccine as a commercial } luct, this would by 
no means have proved that chloroform as antirabic agent would 
yield a vaccine of higher antigenic value than the vaccine obtained 
by means of carbolization, a fact which would be of far greater 
importance scientifically. All in all it seems to me that the results 
of his experiments do not corroborate the preference WERSTER 
claims for the chloroformized vaccine. 

JOHNSON and LEACH (5, 6) have carricd out a great many tests 
in dogs with carbolized and chloroformized vaccine derived from 
one and the same firm: the carbolized vaccine as a 20", suspension 
of sheep brain, the chloroformized vaccine as a 33 °,, suspension 
of calf cord and brain. Of both vaccines several samples varying 
in age were tested: the vaccinating dose of 5 ml, administered either 
subcutaneously or intraperitoneally was followed after 28—41 
days by intramuscular infection with 100 mg street virus. The 
results of these tests as far as they are mutually comparable are 
collected in Table X; the total results are also inserted. 


1) HABEL (4) followed another metho in the comparative mvestigation 
of a great many carbolized vaccines: he determined the d.l.m. (a mortality 
of over 1» °%) after intracerebral infection in mice) of the strains of fixed 
virus employed in the preparation of these vaccines and immunized with 
a dose corresponding to 400 d.l.m. of the strain tested. Apart from the fact 
that this d.l.m. is hardly an exact unity, it seems to me that the relation 
between virulence and antigenic value is not narrow enough to warrant its 
use as a measure of. equiv alency in dosage. 
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Table X. 
Exp carbolized carbolized chloroformized 
Fi, ; vaccine ea vaccine vaccine controls 
_ subcutaneously intraperitonially subcutaneously 
— Se 


-—9 20/76 Bes 49/82 


: | ae : 
J—13 C29 S20 798) | 10/29» (34-5°%,) | — 17/38 (40.7%) 
L—15 - 2 OO ice) ee en) 2 nO) 17/25 (68.0%) 
j—17 | — — | 2/28 17/30 
otal 26/105 (24.7%) 19/52 (36.59,) , = 2/50. (4.099) vans 1) Vaio morn leo/.) 


In a 
So JoHNson and Lracu in contradistinction with WEBSTER 
report fairly satisfactory results from subcutaneous immunization 
with carbolized vaccine (20.7 resp. 24.7 °,, mortality), even better 
than from intraperitoneal immunization (34.5 resp. 36.5 °, mor- 
tality), subcutaneous immunization with the chloroformized vaccine 
yielding the best results. It is to be deplored that the activity of 
both vaccines when administered subcutaneously has not in a single 
experiment been compared simultaneously. Moreover it has to ‘be 
kept in mind that here as well the dose of the chloroformized 
vaccine exceeded that of the carbolized vaccine by more than half. 
JOHNson and Leacu ascribe the great difference in activity to 
the fact that the heat sensitive fixed virus during its preparation 
into carbolized vaccine is kept exposed for 3. 24 hours to 37°C. 
They presume that the antigenic matter is narrowly connected 
with live virus and so assume that fixed virus no matter how 
strongly attenuated can only be active when alive. Still many 
adhere to this view: ].EpINE and SAvtTTER (8) alia assume 
that the action of carbolic acid on the fixed virus tceads to a ,,com- 
plex stable’, which leads to a complete loss of virulence within 
a few days in this sense that the virus does not develop any further 
without its being already completely killed off; death does not 
supervene before several months have passed, involving the 
complete inactivation of the virus. 
That the deleterious action of the antigenic component of the fixed 
virus, “howevers ols idaeitimer duc to the carbolic acid and not 
to the temperature of 37 ©. follows obviously from the fact, that 
the chloroformized vaccine, although exposed to this increase of 
temperature during a much longer period, exceeds the carbolized 
vaccine by far in activity. Still it may be admitted that the relative- 
lv satisfactory results obtained with carbolized vaccines in many 
Institutes will surely be owing to the rests of fixed virus having 
survived. But doubtlessly these same traces of live virus must be 
claimed responsible for the many ,,treatment accidents’ due to 
carbolized vaccine, however reluctantly this may be admitted. 
As main argument against this it is usually brought ut that the 
animal test in its most sensitive form 77:., intracerebral inoculation 
in this case alwavs proves negative. 
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But Maria J. OTTEN-vAN Stockum has rightly pointed out that animal 
test with 1 or 2 guinea pigs c.q. rabbits such as it is usual, will completely fall 
short in the detecting of a trace of live fixed virus such as may be present 
in carbolized vaccine. This comes to the detection of the d.l.m. at its most 
extreme limit, thus not in the region of 50 % mortality or more, but nearing 
(0 % and so it is obvious that here not a few animals, left alone a single one 
will suffice. A systematic examination of 20 1.25 % carbolized vaccines 
(10 % suspension of 20 different lots of monkey brain), each time 10 guinea- 
pigs having been inoculated intracerebrally with 10 mg (0.1 ml of a 1 % 
suspension), offered 3 samples in which virulent virus could still be detected; 
out of 3 groups of 10 guinea-pigs, 1, 1 and 3 respectively died from infection 
with fixed virus. An equal number of 1°/,, formolized vaccines yielded twice 
a positive result, 1 respectively 2 guinea-pigs being killed. Whereas the 
lowest mortality in a lot of 10 test animals still amounts to 10 9% and this 
percentage is attained at in no less than 3 out of 5 positive samples, it is 
obvious that with as few as 10 guinea-pigs the extreme limit d.l.m. certain has 
not yet been reached. By using at least 100 guinea-pigs and by reinforcing 
the injecting dose (which in rabbits may be increased up to the tenfold, vzz., 
0.5 ml of a 20 % suspension = 100 mg) the presence of fixed virus would 
have been surely detected in many more samples. For further data the 
reader may be referred to the extensive treatment of this subject in part 
II of her treatise (p. 145). 

Moreover I may point to the fact that 1.5 °/.. formolized vaccine (5 x 24 
hours at 37°C.) in more than 100 samples thus in more than 1000 guinea- 
pigs, has never induced a fixed virus infection. 

Even if this would not be deemed sufficient proof of all fixed virus being 
actually killed, it seems to me even less acceptable that the superiority of 
this vaccine to the 1 °/,, formolized vaccine (1 x 24 hours at 37° C.) would 
be due to the presence of more live virus, and it is to this conclusion the 
assumption of the authors quoted would lead. 


Reverting to the chloroformized vaccine the results compiled 
from all the experimental research known to me appear to issue 
in a hardly convincing difference in favour of this vaccine and then 
merely in its commercial shape. When considered more critically 
the tests may hardly be claimed comparative as neither in prepa- 
ration nor in administration equal methods were used for both 
vaccines. So the nature of the fixed virus as well as the age of the 
samples varied, whereas as a rule the dosage of the chloroformized 
vaccine has been higher. 

Keeping in mind the slight activity of the carbolized vaccine 
it none the less might be possible that the chloroformized vaccine 
would yield more satisfactory results and so in some tests it was 
compared as to its activity with carbolized vaccine. Thus a same 
virus suspension (33 % menkey brain) has been worked up partly 
to formolized, partly to chloroformized vaccine. The 1.5 °/,, for- 
molized vaccine after having been heated at 37°C. during 5 days 
was further kept at 5°C.; the 1% chloroformized vaccine was 
kept at 5°C. during a fortnight and in this period according to 
KELSER’s prescripticn (7) intensively shaken during 5 minutes 
thrice daily. Some days later an experimerit was put up with 
guinea-pigs and rabbits, 25 per series and 10 animals as checks; 
further the usual technique was followed (note p. 116). 

For safety’s sake on the first day of vaccination 10 guinea-pigs 
were inoculated intracerebrally with the chloroformized vaccine 
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all of them dying on the 9th day from fixed virus infection, proving 
this not to have been killed. Already/during the immunization 
period it appeared that this virus had kept up its virulence suf- 
ficiently also to act lethally when administered: as many as 13 out 
of 25 rabbits and 6 out of 25 guinea-pigs died in the course of 10—19 
and 10—21 days respectively, whereas not a single lethal case 
supervened in both series with formolized vaccine. The infection 


with street virus yielded the following result (see Table XI). 


Table XI. 
SSS SSS SSS SSS 
2 DED Eat guinea-pig 
Vaccine course course 
immuni- “immuni- 
eal | a ” zation : : 

(treatment infection | controls (treatment infection controls 

accidents) accidents) 
‘ormolized 0/25 5/25 10/10 0/25 10/25 9/10 
hloroformized 13/25 6/12 6/25 10/19 


The chloroformized vaccine still containing live virus, it might 
be expected that it would yield better results than the formolized 
vaccine. However, the opposite appeared to be the case: whereas 


the formolized vaccine induced a surviving of 80 and 60 %, 


the 


chloroformized vaccine yielded round about 50 %. Obviously here 
the immunity is lower than it would have been under normal 
conditions owing to the fixed virus disease endured, as has already 


been described in connection with the immunization experim 


ents 


carried out with live unattenuated fixed virus (p. 107 and 108). Here 
again in view of the 100°, mortality of the checks a weakened 
resistance in the sence of a negative phase was out of the question. 

As the chloroformized vaccine in 1 °%, concentration appeared 
to be quite insufficient for the killing of the fixed virus Bandoeng 


in a fortnight, a more systematic investigation of the rabicide ac 
of chloroform seemed indicated. Therefore chloroform in con 
tration of 1—5 °% was added to equal volumes of 33 °% suspen 
of fixed virus, whereupon the 5 samples of vaccine were kept du 
a fortnight at 5° C. and shaken as mentioned above. Subseque 
half of each sample was kept at room temperature and teste 


tion 
cen- 
sion 
ring 
ntly 
Gat 


fixed intervals for the presence of fixed virus by means of intra- 


cerebral inoculation of guinea-pigs (see Table XII). 


Solely in a 5% concentration chlorotorm appears to be able 


to kill all virus at 5° C. within a fortnight; the 4 °% concentra 


tion 


needs a further two weeks, the 3 °% still one week more and then it 


lasts full 30 days, thus 2 months since the commencement of 


the 


action of chloroform before all traces of virus have disappeared 
from 1 and 2°, vaccine (and this in a lot of merely 5 guinea-pigs!). 
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Table XII. 
Chloroformized vaccine (14 days 5° C.) 

eect ir Raa 5° C, kept at 29° 
afters days 1% . 2% i 3% | 4° | 5% 1% 2° 3% 4°, 5% 

14 go | 5/10 | 3/10 | 3/10 | oo |} — | | Ee 

21 (7) 35 | 4/5 | 3/5 | 3/5 | 0/5 || 2/5 | 1/5 | 25 1 1: OF 

28 (14) 4/5 | 2/6 | 1/5 | 0/5 | — 1/5 | 1/5 | 0/5 | O8 : 

35. (21) 2/5 1/5 | 0/5 — — 1/5 | 0/5 | O17 | — 2 

45 (31) 3/5 | 1/5 1/5 | 0/5 | = ae 

55 (41) 2/5 | 1/5 Ls | 0% | = 4 

65 (51) 0/5 0/5 O/5 0/5 e- / 

* | | 


At room temperature the virus is acted upon more rapidly in all 
of the concentrations, but nevertheless in the | °,, vaccine merely 
after an interval of at least 52 days the virus is killed off com- 
pletely, at least has lost all of its virulence. 

Therefore in a further experiment the content of chloroform 
has been doubled and in order to be on the safe s ‘e the period 
of its action at 5° C. has been extended up to 70 days. Intracerebral 
inoculation of 10 guinea-pigs did not cause any lethal case. Next 
to the formolized vaccine which had been prepared simultaneously 
and further on had been kept at 5° C. a fresh formolized vaccine 
was prepared, of course in a suspension of equal concentration, as 
a check on the activity of the former (see Table XIII). 


Table XIII. 


course 
Vaccine | immunization f 
(treatment infection | controls 
accidents) 
t 
2 °, chloroformized vaccine (35%) 0/30 6/30 (20%) 
70 days at 5° C." 
1.5°% formolized vaccine (10%) 0/30 4/30 (13.3%) 10/10 (100°,) 
5 days at 37° C., 65 at 5°C. | 
1.5% formolized vaccine (10%) 0/30 2/30 (6.6%) 
5 days at 37° C. 


According to the results of this experiments in rabbits which 
for the rest had been vaccinated and injected in the usual way, the 
chloroformized vaccine induces a higher rate of mortality than 
the carbolized vaccine, the more so when compared with the 
freshly prepared lot. The difference, however, is not very pro- 
nounced. 
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The period of action of the chloroform on a 33°, suspension 
at low temperature being long, it has finally been ascertained in 
how far without impairing the antigenic value it might be shortened 
by means of a lesser concentration of the suspension and exposition 
at room temperature. When after some prelcminary tests a 1.5 °, 
suspension appeared sufficient for a compl te killing of a 10°, 
suspension of the virus at room temperature in a fortnight, a final 
experiment Was put up with a freshly pre parcd formolized vaccine. 
The result of this experiment in which no treatment accidents had 
occurred consisted in 35°, mortality (7:20) among the rabbits 
treated with chloroformized vaccine and 10°, (2/20) among those 
treated with formolized vaccine against 100 °,, (10 10) of the checks. 

Although these results do not point to any pronounced superi- 
ority of formolized vaccine and for a definite conclusion an in- 
vestigation on a more extensive scale is needed, all these experi- 
ments in question yield results in favour of the formolized vaccine. 
The total] results of these experiments, a mortality of 12 °, (9/75) 
and 31.6 °, (19/60) respectively, even vicld a difference exceeding 
the probable deviation (18.6 °,, -— 4.7). 

Moreover it seems to me that even in case of equality in 
activity and keeping quality for both vaccines, preference should 
be claimed for the formolized vaccine owing to its shorter period of 
preparation. 


4, INFECTIOSITY AND ANTIGENIC VALUE AFTER CENTRIFUGATING. 
In a comparative examination of the results with vaccine em- 
ployed in antirabic treatment OKuwapa (11) for both live and 
dead etherized vaccine found that after 15 minutes centrifugating 
the supernatant liquid acted as strongly as the complete non 
centrifugated suspension; for live vaccine the infcctiosity even 
appeared to be the same. At first view these results seem contrary 
to reason and the more so as they are but weakly substantiated 
by experimental data. Still a closer investigation appearcd to be 
worth while, as even if the nerve tissue as such has to be disclaimed 
as a cause of ,,treatment accidents” still ceteris paribus the treat- 
ment with a virus low in tissue content remains desirable. 

I started from a 10°, fixed virus suspension (a mixture of 3 
monkey brains) half of which was centrifugated during 15 minutes 
at 3000 turns: the supernatant still turbid liquid was drawn off 
and the sediment filled up to the original volume. Then from the 
3 samples series of 10- (c.q. 2- and 5-)fold dilution were made and 
0.1 °/,, of each dilution within the limits estimated for 100C—O °%, 
mortality (10-3—7-%) inoculated intracerebrally into 5 guinea-pigs. 
The data from these 5 experiments in which always a same fixed 
virus has been used are inserted in Table NIV. 

Quite contrary to the results of OKkuwaba (11) the supernatant 
liquid merely in the highest concentration (1: 1000) appears to 
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possess a same infectiosity as the full suspension, deviating in- 
creasingly at stronger dilution !). 

At the level of the d.lm. certa of the full suspension (which since 
many years for the monkey brain fixed virus of Bandoeng has 
been kept constantly at 0.0025 mg) the rate of mortality for the 
supernatant liquid has already dropped to its half, whilst it reaches 
zero at a dilution in which the full suspension still induces a mor- 
tality of 50 %,. As might be expected the concentration of the fixed 
virus in the sediment is lower than in the original full suspension; 
it is true that its d.l.m. certa is still the same but then the mortality 
induced by the sediment lags more and more behind that of the 
full suspension. The curve in which the completely comparable 
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Fig. 1. Intra-cerebral inoculation, virus fixe monkey. 
10 % virus fixe suspension. 

—--—- centrifugate. 

Boston supernatant liquid. 


1) Although the supernatant liquid is still rather turbid and thus may be 
called a suspension, it actually contains much less nerve substance than 
both other liquids. So for its dosage only the unities of volume not of weight 
are valid, 
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rates of mortality for 3 groups of 125 guinea-pigs are recorded, 
shows more distinctly still the ratio of the concentration of the 
fixed virus in the 3 suspensions. ; © ak 

The 3 suspensions have besides been tested as to their antigenic 
activity. Therefore from the 3 suspensions formolized vaccine has 
been prepared by means of which rabbits, 20 per series were 1m- 
munized in the usual way; only the dosage of the thinnest sus- 
pension (the supernatant liquid) has been 10 times stronger in the 
2nd experiment (4a). In the first experiment (3a) the 3 suspensions 
have been diluted tenfold, thus into a 1 °., suspension of which 
successively 0.3 (3 mg), 0.7 (7 mg) and 1 ml (10 mg) were injected. 
In experiment 4a the same volumes but undiluted were injected. 
The data are collected in Table XV. 


Table XV. 
7 —— 
Formolized vaecine Experiment 3a | Experiment +a total 
| 
Full 10°%-suspension y /20 (or) | L/20-46 5%) 2/40 ( 5%) 
Centrifugate (filled up) | 2/20 (10%) 4/20 (20%) 2/40 (15%) 
Supernatant liquid 8/20 (40%) 7/20 (25%) 15/49 (37.5%) 
Controls ' 10/10 (1002,) | 18/10 (120%) | 20/20 (100%) 


| 


Thus not only the infectiosity but also the antigenic activity 
of the supernatant liquid lags far behind that of the full suspension, 
even at a tenfold dosage. Although the total number of animals 
for each sample of vaccine does not exceed 40, the difference 
amounts already to more than thrice the standard deviation 
(32.5 %, 0 8.4), the difference when compared with the sediment 
is already significant, exceeding already the probable deviation 
(22.5% + 6.4). 


5. MobDE OF IMMUNIZATION. 


Finally one further experiment has been carried out in order 
to ascertain whether by means of daily injection another c.q. 
better immunizing effect might be obtained than by means of 
inoculation in 3 steps. 

In this experiment the dosage for rabbits amounted to 20 mg 
partly injected as usual in 3 steps (3, 7 and 10 mg) in the course 
of a fortnight, partly daily in slowly increasing doses (6 x 1, 
4 x 1.5 and 4 x 2) covering a same period. The guinea-pigs received 
10 mg divided in 2, 3 and 5 mg, respectively 8 x 0.5 and 6 x 1 mg. 
Moreover a same number of animals has been injected with half 
the dose, hoping that with thus limiting dose any differences might 
show clearer. The results of the intramuscular injection following 
as usual after 30 days have been inserted in Table XVI. 
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Table XVI. 


Formolized vaccine Rabbit | Guinea-pig 
( 


Se 


20 mg ( 3 injections) 0/20 ( 0%) = 

Aiea, 41.4 ) 1/20 ( 5%) we 

10 (as a 6/20 (30%) 1/20 ( 5%.) 

gc Sane adi 7/20 (35%) 2/20 (10%) 

ES ) = 8/20 (40%) 

codes sah dad hall! = 9/20 (45%) 
Controls 10/10 (160%) 10/10 (100%) 


' 
eS 


The formolized vaccine does not show any difference in favour 
of the daily injection, confirming the (unpublished) results of 
MARIA J. OTTEN-VAN STOCKUM which neither issued in a clear 
difference. Also the scarce investigations which can be found in 
literature, lead to a same result. 


My own material discussed already in another connection on p. [5 shows 
a difference in favour of the daily injection, but the difference was not 
only slight but the irregular partition of treatment accidents prevented an 
exact comparision of both groups. This appears from the following figures, 
the results of 2 experiments with rabbits (5 mg) and guinea-pigs (2 mg). 


Rabbit. 

After daily injection 10/31 = 32.2 °4 mortality. 
(treatment accidents 9/40) = 22.5 %) 

After intermittant injection 11/27 = 40.7 °4 mortality. 
(treatment accidents 13/41) = 32.5 %) 


Guinea-pig. 

After daily injection 5/38 = 31.1 °, mortality. 
(treatment accidents 2/40 = 5.0 %) 

After intermittant injection 8/34 = 25.5 °% mortality. 
(treatment accidents 6/40 = 15,0 %) 


At daily injection treatment accidents were least and the immunizing 
effect was slightly better. Apparently with intermittant treatment the level 
of immunity decreases more strongly, owing to the enduring of a fixed 
virus infection of a severe character. The only experiment in which no treat- 
ment accidents followed (guinea-pig 1 mg) did not show any difference for 
both modes of injection; the result was 5/15 = 33 % mortality. 

The highest subcutaneous vaccinating dosage which does not yet induce 
fixed virus infection for the rabbit amounts to about 3 mg, for the guinea-pig 
to 1 mg, but with this limiting dose a by no means maximal immunity is 
reached. For the rabbit an increase in dosage ceteris paribus results in a 
marked number of treatment accidents without any increase of the immu- 
nizing effect. Only with a daily dosage divided over a longer period (4 weeks) 
mortality owing to fixed virus and street virus infection drops to + 10 %, for 
guinea-pigs even lower. Here, however, the lengthening of the interval 
between the beginning of the immunization and the infection up to 40 days 
will doubtlessly have improved the results. It seems very well possible, 
starting from a very small dose (0.01 mg or less) and dividing the dosage 
over a longer period of immunization to arise at 100 % surviving without 
any treatment accidents, but in man a similar method for the attaining 
of a maximal effect is not practicable, 
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Therefore it seems strange that the antirabic vaccination of man 
although widely varying in duration is still administered daily, 
in the same way as PAsTEUR did in the first case in 1886. This 
keeping to a daily or several times daily injection according to 
tradition is the more to be wondercd at, as in the course of years 
next to the dry cord method numerous modifications have been 
accepted, most of which not in need of and but weakly based on 
experimental results. The question, however, whether a few in- 
jections with an interval of 5—7 days might suffice, is of great 
importance and it seems to me that experimental research in this 
direction is urgently needed. 


Summary. 


1. In the above the statistical work of Maria J. OTTEN-VAN 
STOCKUM was referred to which has thrown full light on the results 
of the antirabic treatment with monkey brain fixed virus, both 
live and dead (formolized vaccine) in man. The distinct shortening 
of the period of incubation which has been ascertained in cases of 
rabies treated with the latter vaccine warrants the hope that by 
these means the immunization process will reach its acme still 
more rapidly and that therefore within the first 30 days following 
the starting of the treatment, that is within the ,,failure’’ limit 
now accepted, mortality may be reduced still further. 

The results of her experimental work with the fixed virus 
vaccine which have been shortly summarized, completely confirmed 
the validity of her method of analysis. 

My own experiments led to similar results: MARIA J. OTTEN-VAN 
STOCKUM using the usual method of immunization (20 mg in 3 
steps) after 30 days followed by intramuscular infection with street 
virus, noted a mortality of 9.6 °(, (15/155) among her rabbits against 
96 %, (58/60) among the controls. A still lower rate of mortality 
was recorded as the average of 13 experiments 9.1 °,, (26/285) 
against 99 %, (129/130) in the controls. 

2. The formolized vaccine, ready for use as a 2%, suspension 
stored at room temperature, appeared to decrease in activity 
fairly rapidly. Stored as a 10 %, suspension at 5° C. it did practically 
not decrease in activity, so that decentralization of the treatment 
with an adequate vaccine may be warranted. 

3. The assertion as to the superiority of the chloroformized vaccine 
to carbolized vaccine has been critically discussed and by means 
of an analysis of the investigations published thus far it has been 
demonstrated that at most it may be recognized for a commercially 
produced chloroformized vaccine. 

When the original method of preparation had been followed, 
chloroformized vaccine in 1 %, concentration appeared unable to. 
kill the fixed virus Bandoeng within the period of 14 days at 5° C. 
as indicated; at least a fifthfold concentration was needed. A few 
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comparative experiments issued in a constant although not very 
pronounced difference in favour of the formolized vaccine. 

4. The testing of a 10° suspension before and after centrifu- 
gating showed that both infectiosity (virulence) and antigenic 
activity of the supernatant liquid lagged far behind those of the 
full suspension (and the centrifugate). 

5. A single experiment with daily and intermittant (weekly) 
administration of the immunizing dose did not result in any 
difference in favour of the daily injection. 
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STUDIES ON STAPHYLOCOCCI 
Il. ANTISTAPHYLOCOAGULASE IN HUMAN SERUM 


by 


J. H. BEKKER 
(Kkeceived April 17, L947). 


Certain Staphylococcus strains possess the power to clot plasma, 
and the ability to produce the clotting agent (staphylocoagulase) 
is used as a characteristic for the pathogenicity of a Staphylococcus 
strain (1). 

As in natural and experimental infections antibodies are produced 
as a response to different bacterial products, the possibility was 
suggested that an antibody neutralising staphylocoagulase may 
be present in the blood. Gross (2), WaLsTon (4) and LOMINSKI 
and Roserts (3) found in human and in rabbit sera a substance 
capable of inhibiting the clotting of plasma by coagulase; other 
investigators, however, failed to demonstrate this anticoagulase. 

In the course of an investigation into the nature of coagulase 
it seemed important to ascertain whether the results of these 
investigations could be confirmed. 

Hundred human sera, forwarded to our Institute for the Was- 
sermann reaction were examined for the presence of anticoagulase. 

Staphylocoagulase was prepared by growing for 24 hours at 
37° C. a Staphylococcus aureus strain producing highly active 
coagulase in broth containing 10% rabbit plasma (0.4% sodium 
citrate). The partially clotted culture is then shaken until the 
clot disintegrates; after filtration through paper the culture is passed 
through a L, candle, and the sterility of the filtrate ascertained 
(the filtrate remains suitable for the tests for several weeks if 
kept at —3° C.). The minimal coagulating dose (M.C.D.) for a well 
clotting plasma is determined, 7.e., the smallest amount of filtrate 
which in 24 hours at 37° C. causes a noticeable clot in 10 times 
with saline diluted rabbit plasma. 

The test with the inactivated sera was carried out as follows: 
to tubes containing 0.5 ml of serial doubling dilutions of serum 
in saline, and to a control containing 0.5 mil saline, 0.2 ml of coagu- 
lase (30 M.C.D.) is added. 

After incubating for 90 min. at 37° C. cach tube receives 0.3 ml 
of 3 times with saline diluted rabbit plasma (the same plasma as 


used for determining the M.C.1D.). The final dilution of the plasma 


ai, mm, 
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is | : 10, the sera in such a manner diluted that the final serum 
dilutions remit 5a) eA ete Readings were made after 
incubating the tubes for 24 hours at 37° C. and the degree of clotting 
(designated as —: no clot: + : small floating clot; ++: large clot: 

‘1 -+-: solid clot) in each tube noted. 

Among the 100 human sera studied an anticoagulase, viz., a 
substance inhibiting coagulase could often be found. The titre of 
this substance differs considerably with the various sera (Table I). 


aloe JL 


Occurrence of anticoagulase in the 100 investigated sera. 
aoc oe EEE ee eee 


anti-staphylocoagulase titre 


Number | 
sera | Aiea a | | | F . = x 
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Some of the properties of this anticoagulase were studied. Anti- 
coagulase was found to be relatively heat-stable, withstanding 
65° C. for 30 min., but being almost completely destroyed after 


heating for 30 min. at 70° C. (Table IT). 


Table Il. 


Influence of inactivating on anticoagulase titre. 


Serum T : dilutions 
Heating-time 


8 ah i6 | 1-99 ) 1:64 [1 :128 [4 22561 12532 | 


) min. 65° C. = = 
) min. 70°C. — =f 
Memmi. 80°C. | -b-{--- | --++-4 


$ f i 


) min. 36° C. 
} 
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LominskI and Rogerts ascertained that whereas anticoagulase 
was frequently found to be present in human sera only a few 
human plasmas inhibited the clotting by coagulase. This difference 
was explained by the fact that coagulase has a greater affinity 
for fibrinogen than for anticoagulase and the presence of fibrinogen 
masks the activity of anticoagulase in plasma. Addition of fibri- 
nogen (plasma) has no effect when anticoagulase had been incubated 
with coagulase (Table III). .- | 

' yantitative relations exist between anticoagulase and coagulase; 
by keeping the’ fixation-time constant (90 min.) a fixed amount 
of anticoagulase can neutralise only a fixed amount of coagulase 
(Table IV). For neutralising a certain amount of coagulase (30 
M.C.D.) a minimum fixation-time is requiréd and an increase in 
fixation time does not increase the rate of inhibition (Table V). 
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Table III. 


Affinity of coagulase for anticoagulase and for fibrinogen. 


Serum + coa- 
gulase; after 
90 min. -} 
plasma: 


Serum -++ plas- 


ma; after 90 
min. + coa- 
gulase: 


Serum + coa- 
gulase+ plas- 
ma_ simul- 
taneously: 


Serum T : dilution 


1:4 | 1:8 | 1:16 1:32 | 1:64 |1: 


128 


+++ 


+++ 


+44: 


+++] +++ | +++ | +++ 


1256 | 1: 512 |1 : 1024) Cc 


+++ | +++ 


+++ | +++ 


+++] 44+ | +44.) 444+ | +44 | +++ 


Table IV. 


Quantitative relations between anticoagulase and coagulase. 


Sérum T : dilutions 


Staphylo- 

coagulase :@ | 1:4 | 1:8 [1:16 | 1:32 | 1:64 |1:128|1:256|1:512|1: 1024] 

1 M.C.D. ~ _ - | u eh 23 

5 M.C.D. we wi 7 4 " 
10 M.C.D. — — - -- ot. tf | he 
20 M.C.D. — — - - - — — | +++ [4++ | +++ 
50 M.C.D. ~ - © = — | ttt | +44 +44 | +++ 
100 M.C.D. +++ | +++ [+++ | ++ | +44 
200 _M.C.D. +++ | +++ | +++ | +++ | +++ | +++ 

Table V. 


Influence of fixation-time on anticoagulase titre. 


Serum T : dilutions 


Fixation- : : 

Hie 50. | 234 | te68 1110 1:52 | 1:64 |1:128 11: 256 1:512|1:1024| C 

1 

0 min. 4 tt | +++ [+++ [tte | ttt | 4+ | +44 | 444 | 444 
30 min. = - ee haps cheb path | sesh eee teat 
60 min. ¢ = : ++ ett | bet | A+ tf + 
90 min. - _ - +++ | +44 | +44 
120 min. - — +++ } +++ | +44 
240 min. - _ - - — — +++] +++ ] +4+ 
360 min, ~ - - -- +++ | +++ | +4++4+ 


The fixation of coagulase with anticoagulase appeared to be 
reversible. Serum T showed in a dilution 1 : 256 no clotting after 
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24 hours at 37° C. Half of this dilution kept for a further 24 hours 
at 37° C. remains unclot, whereas addition of diluted’ plasma to 
the other half causes clotting after 24 hours at 37° C. 


The properties of anticoagulase concur with. the generally 
accepted characteristics of antibodies, and an investigation was 
made to ascertain whether anticoagulase could also be found in 
the serumprotein fraction which contains most of the antibodies, 
v1z., the y globulin fraction. 

The sera were therefore fractionated’ in the usual way with 
ammonium sulphate into albumin and globulin fractions and the 
latter subsequently into euglobulin and pseudoglobulin. Tables VI 
and VII show that anticoagulase was not found in the albumin 
fraction whereas the globulin fraction contained practically all the 
inhibiting substance; on further fractionation most of the anti- 
coagulase came down with the pseudoglobulin and less with euglo- 
bulin. 


Table VI. 


Relation of anticoagulase to serum protein fractions 
(salting-out with ammonium sulphate) 


Serum T: dilutions 


Serum 

fractions ¢23ulta set |odes didsi6 | 4:32 |) aes 1;128|1:266|1:512 |1: 1024| Cc 
whole serum == ss = = = f_eeteult rex news 
globulin = S = = oF = ea | ee | eee | eet ae 
euglobulin = = = + | HA | teteb | t-te p Ae] tee | 4 | 4+ 
pseudoglo- 

bulin 2% Bs = = -- Se Oe 

eibumin = + fed | -b-AR | Reb | bab oP ba | Be [tek FO] -HA+ | +44 


Table VII. 
Relation of anticoagulase to serum protein fractions 
(salting-out with ammonium sulphate) 


Serum v. d. G.: dilutions 


Serum a _ or atts cai, Wiiicaol a ft | 
fractions | 4-9 | 1:4 | 1:8 | 1:16 | 1:32 | 1e64 |1:928/1:256[1: 512 |1:1024] C 
| ! ! ' | 
| 
whole serum — _ _- - = i 4 1 an 1 H 
globulin -- —_ = | = eee 4 I+ ns he 
euglobulin — — -- 4- 4 =}. | Hebe Pee EES oc EI) RT a ear 
seudoglo- 

ee en ye = = = -- bf | bab | db | te 
albumin = haste ae eneetertea|) cieatertee | chee t vis lam | fete Aieteteet= 0) teatea ate estat | te atest 
en ee en ee 


The fractionation experiments with sodium sulphate are in good 
accordance with these findings (Table VIII). 
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Table VIII. 


Relation of anticoagulase to serum protein fractions 
(salting-out with sodium sulphate) 


: Serum T: dilutions 
Serum 


fractions | 4:9 | 14:4 | 1:8 | 1:16 | 1:32 | 1:64 |1:128/1:256|1:512 |1:1024' C 


whole serum — _ ao fas 1 peer | pes 
glubulin - _ — bet feta cl a Oa reer 


euglobulin -}- -}-4-+4 } iy sdust Ft 
pseudoglo- 

bulin = = = a = = sis +++ | +44 ] +++ | +++ 
albumin +++ } +++ | +4+4+ | #44.) Hel | #44) +44 | +44 | +44 ] +44 ] 44+ 


After treatment of the sera with 20% ethanol (a method for 
obtaining y globulin) anticoagulase was found (cf. Table IX) 
mainly in the filtrate (containing but little y globulin) and less 
in the sediment (mostly y globulin). 


Table IX. 


Relation of anticoagulase to serum protein fractions 
(salting-out \ ith ethanol). 


Serum ‘ft : dilutions 


fractions ar _ $$ —$ 
E32 1:4 138 L2160t 1.282 | beGOL. 1 saan eee, Peore see C 
paket & : 
rae | I | ’ 
precipitate | ee sali} Lola } 3 plo ty 


filtrate : | i frnw face a 


These experiments made it probable that anticoagulase was not 
linked with the y globulin fraction but with the « or f fraction. 


By means of electrophoresis pure y globulin was obtained from 
the sera T and y. d. G. As the electrophoretic isolation of a and f 
globulin is much more difficult and as it was known that albumin 
did not contain anticoagulase the albuminfraction was intentionally 
contaminated with «a and f globulin. Tables X and XI show in 
accordance with the salting-out experiments that y globulin does 
not (or only to a slight degree) contain anticoagulase but that 
the inhibiting substance can be found in the a or f globulin 
fraction of the serum proteins. 
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Table X. 


Relation of anticoagulase to serum protein fractions 
(electrophoretic isolation) 


serum 


dilutions 


ee ons roe teed 18 1 246 | 1-88 | 15% (1st991 12850 1:512/1;1024/ C 
ee a ed 
otal scrum | 
protein n.c.!) SOMES, | SET PP 
- globulin n1.€. MG. WL 12) ee | ba pee] tet | et ede tee | tet 
t---+ 

Wbuminaand | (12%) 

B globulin 11.¢. = a eae ee | a | ++ 


f)encc. == not carried out. 


Table XI. 


Relation of anticoagulase to serum protein fractions 
(electrophoretic isolation) 


serum dilutions 


fractions : 
erGlome Gs he 1:4 1338 Ie UGa elon Teo4e Let 28 1:256|1: 512 |1: 1024 c 
otal serum 
protein m.¢.1) }) = — _ _ = = = ie SET || aT 
(1:13) 
-elobulin meee meGe fates | eatest Sa) ea ef ef Pepe) eae | 
Ubumin, a and 
B globulin nc. = = = = = + | +++) +++] 444+ ] 44+ 
1) nc. == not carried out. 


The protein composition of serum T and serum vy. d. G. is given 


below: 
serum [T serum v.d.G. normal 


albumin 45.3%, oH eae hs 60°% 
a globulin 9.5% 5.8% 6%, 
6 globulin Loo, I perce eee 
y globulin 29.9% Eka DL, 


In both sera a slight increase in the y globulin is found. Serum 
T showed a striking deviation of the f globulin pattern, especially 
in the descending boundary. It has however not been ascertained 
as yet whether any relation exists between this phenomenon and 
anticoagulase. 

The experiments in the present study confirm the statements 
of Gross, WALSTON and Lominsk! and Roperts that in human 
serum a substance can be found capable of inhibiting the clotting 
of plasma by staphylocoagulase. This anticoagulase shows antibody 
characteristics, it is however probably not linked with the y glo- 
bulin but with the a or f# globulin fraction. Experimental proof 
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Fig. 1. Electrophoretic pattern of serum T, descending boundary. 


that this anticoagulase is a real antibody, viz., that it is formed 
as a response to the antigen (coagulase) has not been furnished 
as yet. 


Summary. 


A substance inhibiting the coagulation of plasma by staphy- 
locoagulase can be found in human sera; this substance-has antibody 
characteristics and is present in the a or # globulin. 


I am greatly indebted to Dr. L. W. JANSSEN (State Institute for Veterinary 
Research, Amsterdam) for carrying out the electrophoretic analyses, and 
to Miss Dr. L. H. C. vaAN pE Graar (Municipal Hospital, Zaandam) for 
supplying sera. 
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SOME OBSERVATIONS ON THE CULTURE, 
PHYSIOLOGY AND MORPHOLOGY OF SOME 
BROWN-RED RHODOSPIRILLUM-SPECIES 


by 


G. GIESBERGER 
(Received June 10, 1947). 


1. INTRODUCTION. 


During an investigation on the genus Spirillum carried out by 
the author (4) 10 years ago in the Laboratory for Microbiology at 
Delft incidentally also some observations on spirilla were made, 
which differed from the heterotrophic colourless species by their 
capacity to carry on a photosynthetical mode of life. Next to 
various strains which could be identified as Rhodospirillum rubrum, 
also some strains were isolated from mud of a ditch, which clearly 
distinguished themselves from these, because they did not contain 
a purple-red, but a definitely brown-red pigment-complex. Moreover 
these strains were obligately anaerobic. A further investigation 
showed that the isolated strains represented two different species 
judged by morphological characteristics. Also some preliminary 
observations on the physiology of these organisms were made which 
proved that for the photosynthetical CO,-reduction substances such 
as acetate, butyrate, lactate, malate, citrate and pyruvate could 
function as H-donor. 

Though at that time opportunity for a more thorough investiga- 
tion of these organisms was lacking, and a publication of the 
obtained data“did not_seem justified_as”yet, the results still induced 
KLUYVER and VAN NIEL (7) to include these spirilla in the natural 
system of classification of bacteria in a newly created genus Phaeo- 
spirillum. Unfortunately before long the isolated spirilla were lost, 
so that no further investigation resulted at that time. 

Since then vAN NIEL (14) has published a most valuable study 
on the culture, physiology’and morphology of the non-sulfur purple 
and brown bacteria, in which he describes the physiological and 
morphological characteristics of a brown-red, photosynthetically 
active Spirillum isolated by him. Although this organism clearly 
distinguished itself from Rhodospirillum rubrum by its brown-red 
colour, VAN-.NIEL’s conclusion based on a further study of the 
physiology of the organism_was, that the differences in physiological 
activity were not sufficient to warrant the placing of this organism 


136 G. Giesberger, 


in a separate genus Phaeospirillum. In consequence hereof Phaeo- 
spirillum Kluyver et van Niel was cancelled by vAN Nr£1, and the 
new spirillum was described under the name of Rhodospirillum 
ulvum. 

Rhodospirillum fuluum particularly distinguished itself from 
Rhodospirillum rubrum by its brown-red colour. In accordance 
herewith van Nrev found for Rhodosp. fulvum an absorption maxi- 
mum at 530, against 553 for Rhodosp. rubrum. An obvious 
distinction is moreover that Rhodosp. fulvwm is a strict anaerobe, 
whereas Rhodosp. rubrum can effect a normal respiration. Fatty 
acids and the four carbon dicarboxylic acids, besides ethanol, 
glucose and aspartic acid were found to be suitable substrates for 
Rhodosp. fuluum. There was no development with thiosulfate. 

Van NIEL’s investigation was seriously hampered by the great 
sensitiveness of Rhodosp. fuluum towards oxygen. An extensive 
investigation was not possible, as the four isolated strains soon 
perished. 

The data described in this publication on some brown-red 
spirilla are the result of an investigation carried out in 1946 in 
the Physical Laboratory at Utrecht, as part of the program of 
the Biophysical Research Group Utrecht-Delft. 


2. ENRICHMENT AND ISOLATION. 


The brown-red spirilla isolated by me 10 years ago originated 
from an enrichment culture for purple bacteria according to 
Mo.tiscu (11), which was inoculated with some mud from a ditch, 
hay being used as an organic substrate. 

Rhodospirillum fuluum was isolated by VAN NIEL from an en- 
richment culture in a glass stoppered bottle (inoculated with a 
little mud or surface water), which next to the usual mineral salts 
as MgCl,, K,HPO, and (NH,).SO, contained NaHCO, or Na,CO, 
(as a supply of CO,) with the addition of caprylate or pelargonate 
as the only organic substance. However, VAN NIEL mentions that 
these enrichment cultures only incidentally led to brown-red 
spirilla, and he emphasizes that a specific enrichment medium for 
Rhodosp. fulvuum is not known as yet. 

In my attemps to isolatefagain brown-red coloured, photosynthe- 
tically active spirilla, several times enrichment cultures were 
incubated in the light cabinet at 25° C. In these-experiments the 
above mentioned basal medium (pH +. 7.3) was used, after a single 
organic substance had been added, for which a number of individual 
members of the groups of simple alcohols, polyalcohols, fatty acids, 
hydroxyacids and dibasic acids were used. Though in fact in these 
enrichment cultures incidentally brown-red spirilla developed and 
could be isolated (among others with lactate, malate, butyrate, 
ethanol), nevertheless the results were far from satisfactory. A 
really’good%enrichment culture could never be obtained, the results 
being far too erratic, my results being thus in accordance with those 
of VAN NIEL. Usually Rhodosp. rubrum and other members of the 
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non-sulfur purple or brown rod-shaped bacteria predominate. 
The exclusive use of the synthetic enrichment media most likely 
is the reason why VAN NIkL could mercly isolate a single brown-red 
Rhodospirillum-species although several are rather common in 
ditch- and canalwater. 

Anyhow during the subsequent investigation it appeared more 
or less to my surprise that — just as with the heterotrophic Spiril- 
/um species —— a very good and constant enrichment of brown-red 
spirilla can be secured by means of hay infusion: If namely a glass 
stoppered bottle filled with water is provided with some hay and 
the bottle subsequently is inoculated with some mud from a ditch, 
it is often found that after about one week incubation in the light 
cabinet at 25° C. the contents of the bottle turn intensely brown-red 
owing to an abundant development of beautiful spirilla. Among 
these spirilla mostly two types predominate, namely a very large 
stout spirillum (under these conditions usually with only } to one 
turn), and a small, slender spirillum. Both types had already been 
noted by me 10 years ago and subsequently isolated. 

The spirilla show a very strong negative aerotaxis. After lifting 
the stopper of the bottle, the spirilla can be observed to disappear 
rapidly from the upper layers of the liquid and to aggregate at 
the bottom of the bottle. This behaviour already suggests the 
strongly anaerobic nature of these organisms which lateron could 
be demonstrated on the pure cultures obtained. In view of the 
anaerobic nature of these spirilla I was somewhat surprised that 
enrichment cultures of these bacteria could also, and rather often, 
be obtained from superficially skimmed off canal water. 

Another remarkable feature of these enrichment cultures with 
hay infusion is that not seldom after some weeks tiny green bacteria 
develop, as a result of which the contents of the bottle turn a dark 
green. Pure cultures of the bacteria could be obtained via shakc- 
cultures in tap water agar (2 °,) provided with 0.05 °4 K,HPO,, 
Pee eis 9 NEL U1, Na .9H0O and-0.1°% 
NaHCOs, pH = 7.3. They proved to be irregularly shaped bacteria 
and could be identified with Chlorobiim limicola. 

In connection with the isolation of the spirilla here follows an 
expedient method for the separating of the spirilla from an en- 
richment culture, in which always a rather high percentage of 
,contaminating” bacteria occurs. In this method use is made of 
the capacity of the latter to move very quickly over comparatively 
large distances. This principle was for the first time applied by 
me in my study on the heterotrophic spirilla when attempting to 
isolate the spirilla occurring in liquid media. For that purpose I 
let the spirilla present in an enrichment culture swim through a 
,, Pasteur-pipette’’, which was filled with a sterile liquid medium. 
A number of the very fast moving spirilla very soon leave the 
non-motile, resp. less motile, bacteria of the enrichment culture 
far behind, a fact which can be followed fairly easily under the 
microscope. By cutting the pipette in the right place it thus was 


138 G. Giesberger, 


possible to separate a number of spirilla from the ,, contaminating” 
bacteria. 

The same method has later been applied by Myers (12) for the 
mechanical separation of spirilla from crude cultures. The method, 
however, has now been further simplified by me in the following 
way. 

A tiny drop of the enrichment culture is brought on a glass 
slide, after which a drop of sterile tapwater or of a nutrient liquid 
(which in the case of the brown-red spirilla should be boiled be- 
forehand in view of the strongly negative aerotaxis!) is placed on 
the slide very close to the drop of the enrichment culture. Both 
drops are now carefully put into contact with each other, and 
in that way are united into one big, preferably somewhat protracted 
drop. Through the microscope it can now be observed that the 
very motile spirilla rapidly disperse into the sterile part of the 
drop. After some minutes already quite a lot of the spirilla have 
reached the other extremity of the ,,sterile’’ part of the_drop. By 
means of a finely drawn-out micropipette it is possible to remove 
under the microscope a little of the ,,sterile’ liquid containing a 
large quantity of spirilla. 

Thus very quickly and without much difficulty a particularly 
effective separation of the spirilla from the non-motile, resp. less 
motile, organisms in the enrichment culture is secured. Not seldom 
in using this procedure 80—90 % of the developing colonies after 
inoculation in a nutrient agar proved to be colonies of the desired 
spirillum. This, of course, considerably simplifies the necessary 
microscopical examination of the colonies and the isolation of 
the spirilla. Naturally the method is not only valuable for the 
mechanical enrichment of spirilla but can be used whereever the 
separation of motile from less motile, resp. non-motile, micro- 
organisms is required. . 

For the isolation of the brown-red spirilla shake-cultures in 
culture tubes were made '). As agar medium peptonagar (Pepton 
Poulenc) proved to be satisfactory. The pH should be neutral to 
slightly alkaline. After a lapse of about one week one observes in 
the agar, between cultures of the much faster developing ,,con- 
taminating”’ bacteria, small brown-red coloured colonies which at 
microscopical examination turn out to consist of spirilla. 

To transfer these colonies for further purification, for con- 
venience sake?), a simple micromanipulator was used by means 


1) Van NIEL recommended as a practical measure for isolation purposes 
(shake-cultures) the use of soft glass rather than of Pyrex tubes, because 
when the agar has to be removed the former tubes can be easily cut at the 
bottom. However, the agar column can also rather easily be removed from 
the glass tube without the need of cutting the tube. Hereto a vigorous air 
current is blown through a Pasteur-pipette into the tube between the agar 
column and the wall of the tube. If the air current is strong enough, the 
air penetrates between the agar wall to the bottom of the tube, finally 
causing the whole agar column to be pressed out of the tube. is: 

*) A great advantage of the use of the micromanipulator is the con 
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of which the spirilla were sucked in finely drawn- out micropipettes. 
For that purpose 1—2 mm thick slices of the agar column were 
cut with a razor blade. In case there are many colonies of other 
bacteria in the slices there is a chance that during the cutting of 
the agar the flat of the cut will become coritaminated with these 
bacteria, so that on sucking the spirilla in the micropipette nume- 
rous ,,contaminating”’ bacteria will be carried along with the spirilla. 
However, this can for the greater part be prevented in a simple 
way by carefully washing the agar slice lying on the slide for some 
time under a thin jet of tapwater. In this way the flat of the cut 
can be cleaned to a large extent of loose bacteria. The excess tap- 
water can then be sucked off with filter-paper, and subsequently 
the slice of agar superficially dried at 30° C. Thus it can be effected 
that already after one transfer nearly all ,,contaminating”’ bacteria 
are eliminated. 

When the agar column does not contain many colonies it is still 
better to break the agar column cautiously by bending it. Then 
with a razor blade a slice of the agar can be cut, taking care in 
doing so that the break remains untouched. 

When making transfers of the colonies it is necessary to take 
into account the strictly anaerobic nature of the brown-red spirilla. 
Without taking special precautions disappointments are bound to 
occur because the transferred spirilla will not develop in the fresh 
agar. These precautions do not merely consist in the boiling of the 
agar before the transfer in order to remove the oxygen, but als 
in adding an amount of about 0.01 % Na,S . 9H,O, and in covering 
the agar colum with a thin layer of sterile paraffin of low melting 
point. For safety’s sake I also added 0.1 % NaHCO, to the agar 
as a CO, source though this is not strictly necessary, because the 
brown-red spirilla can also grow in pepton agar without special 
addition of CO,. Lastly the oxygen in the air column above the 
agar was removed by bringing in the tube some cotton-wool soaked 
in a mixture of pyrogallic acid and potassium hydroxide and by 
subsequently closing the tube with a rubber plug. Even with these 
precautions it is advisable, when making transfers, to blow the 
spirilla out of the micropipette into the lower part of the liquid 
agar medium, because the spirilla often refuse to grow in the 
uppermost agar layer of about 1 cm. 

In the course of the investigation about 20 strains of brown-red 
spirilla were isolated in the described way. The pure cultures were 
kept at room temperature in day-light as stable cultures in pepton 
agar. The oxygen was removed from the culture tubes in the 
above mentioned way. Addition of Na,S and Na,CO; is not ne- 
cessary, but covering of the agar with paraffin remains desirable, 


siderable gain of time obtained. In that way it is often possible to make 
transfers already after 1—2 weeks. In order to obtain colonies sufficiently 
big for.transferring by hand, one has to wait much longer. Moreover, the 
use of the micromanipulator offers better chances of avoiding contaminating 


bacteria, 
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whilst the agar should be boiled well before transferring. When 
making transfers it is certainly to be recommended for a successful 
start of the culture to inoculate heavily, which can be done better 
by means of a Pasteur-pipette than with a platinum needle. 


3. CLASSIFICATION AND IDENTIFICATION OF THE ISOLATED SPIRILLA. 

a. Introductory. In accordance with the experiences 
obtained in my study of the heterotrophic spirilla, vAN NIEL 
emphatically points out the great morphological variation which 
Rhodosp. rubrum and Rhodosp. fuluum show under various en- 
vironmental conditions. Hereby a good description and identifi- 
cation of these organisms was seriously hampered. Hence VAN 
NIEL’s statement that an adequate description of a species which 
shows such a pronounced morphological variability must include 
the characteristics of the organisms as it develops under a variety 
of environmental conditions (e.g. the reaction of the medium, the 
nature and the concentration of the nutrient,materials present etc.). 
The judgment of the conditions which should be regarded as 
representing a more or less normal and significant state is hereby, 
at least partly, a matter of personal appreciation. 

The same difficulty had to be faced when trying to give a morpho- 
logical characterisation of the brown-red spirilla isolated by me. 
Although the isolated strains could be separated into three, morpho- 
logically clearly distinct groups, the strains comprised in these 
groups to a large extent exhibit the phenomenon of morphological 
variation under various environmental conditions (compare fig. 
1—9). Even variations in environmental conditions so slight that 
at the present time it remains impossible to evaluate them, cause 
one and the same organism to manifest itself either as a nearly 
straight rod-like bacterium with only faintly developed turns, or 
in the form of beautifully spiral-shaped cells. Between these ex- 
tremes various intermediary forms can occur. It is almost impossible 
to include these divergent forms in a satisfactory morphological 
characterisation, 

With regard to the foregoing remarks it must immediately be 
emphasized, however, that the spirilla from prolific cultures — with 
practically all the cells strongly motile — always exhibit normal 
spiral-shaped cells. The very flatly wound, almost straight cells 
are only found in cultures which obviously do not represent optimal 
conditions. An indication hereof is the fact that the cells mostly 
are but slowly motile, whereas in many cells there is a tendency 
to retarded division and thus to grow out into very long cells. 

However divergent the shape of the turns may be, generally 
the thickness of the cells does not vary much. In my opinion 
therefore this quality is one of the most important criteria for the 
morphological characterisation. 

In the description of the morphological properties following 
below I have attempted to give a characterisation of the cell form 
of the spirilla in actively proliferating cultures, 
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Figs. 1—2. Rhodospirillum fuluum (Group I). x 460. Cultures of strain 1 
in basal medium with lactate and asparagin respectively. 

Figs. 3—5. Rhodospirillum Molischianum (Group II). Figs. 3 and 4: x 460; 
Fig. 5: x 345. Cultures of strain 5 in basal medium with ethanol 
and citrate respectively, and in 0.2 % pepton 0.5 % Ca-lactate. 

Figs. 6—9. Rhodospirillum photowu tricum (Group III). Fig. 6, 7, 8: x 460; 
Fig. 9: x.345. Cultures of strain 17 in hay-infusion, pepton water, 
1% pepton, 0.5 % Ca-lactate and 0.2 % pepton, 0.5 % Ca- 


lactate respectively. 


be Merpbo loci coalep mo pert resort +t hensso lated 


Stdsa.1.11.s, 
As mentioned before, the isolated strains fell apart in three 


clearly distinct groups. 
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Group I. To this group belong 2 strains 1) (fig. 1—2). Characte- 
ristic for these spirilla is the size of the cells which is so small that 
often it is difficult to get a good idea of their shape. The thickness 
of the cells is 0.3—0.4 w, whilst the length is mostly only 2—3 wu. 
In media to which certain salts of organic acids, for instance malate, 
have been added, sometimes individual cells can be encountered, 
which are 4—5 yw long. In case salts of organic acids have been 
added the spirals often manifest themselves more distinctly, but, 
in view of the small dimensions of the cells, the width of the spirals 
is difficult to appreciate. 

Group II. To this group belong 8 of the isolated strains (fig. 3—5). 
To some extent the spirilla in their cell form and size show a certain 
likeness to Rhodospirillum rubrum. The length of the cells usually 
amounts to 5—10 wu. The thickness of the cells is 0.7—0.9 wu. Gener- 
ally the cells shows 1—2 complete turns, the length of a turn 
being 4—6 uw, and the width 1.3—2 w. As reserve substance volutin 
is found. 

Group III. In this group the remaining 11 strains could be in- 
cluded ‘(fig. 6—9). Characteristic for these spirilla are the large, 
stout cells. The length of the cells mostly amounts to 14—30y, 
while the thickness of the cells is 1.2—1.5 w. Generally the cells 
have 1—2 complete turns. Length of the turn 7—9 uw, width of 
the turn 4—6 w. As reserve substance volutin is found. 


c. Colour of thejisolated strains. 

The colour of the colonies and of the stab cultures of all the 
isolated strains was brown-red, the colour of Group I, however, 
showing a somewhat redder tinge than that of the other strains 2). 
The colour of liquid cultures could often be designated as brown-red 
to brown-orange. Formation of water soluble, diffusable pigments 
was not observed. 

The absorption spectrum of thin suspensions of living cells in 
water was determined by the method usually applied for this 
purpose in the investigations of the Biophysical Research Group 
(compare WASSINK, VERMEULEN, REMAN and Katz (17)). The 
apparatus mainly consists of a double monochromator according 
to VAN CITTERT and an alternating current amplifier according to 
Miratz (9, 10). For comparison the absorption spectrum of a 
epee of living cells of Rhodospirillum rubrum is also included 
in: fig. 10. 

The figure immediately strikes by the great conformity in the 
absorption spectra of the three groups of brown-red spirilla. Mean- 
while there are also differences. Characteristic for Group III is for 


*) Unfortunately both strains died during a severe frost period when 
the laboratory was not heated. 

*) It is striking that there exist different species of brown-red spirilla, 
whereas up to now Rhodospirillum-species with the same pigment complex 
as Rhodosp. rubrum, but differing from this species in other respects have 
not as yet been isolated with certainty. 


Some observations on brown-red Rhodospivillum-species. 143 


[ 5 Rhodosp. rubrum 
’ 


Group I(Rhodosp. 
Molischianum) 


Group I({Rhodosp. 


a if A | NS future) 


S 


Group I(Rhodosp. 


y~ Y photometricum) 
0,5 \ Ys 


(2) 
9000 8000 7000 6000 5000 4000 ' 


ee UIT 


Vig. 10. Absorption spectra of suspensions of living cells of four Rhodo- 
spirillum-species. 


instance the typical slanting maximum (of bacteriochlorophyll) at 
+ 8500 A. This can be explained by the presence of two closely 
adjoining maxima, which in view of the theoretical considerations 
of WassinkK, Katz and DorresTEIN (16) and of FRENCH (3) must 
be connected with the properties of the proteins, to which the 
bacteriochlorophyll is bound. 

On comparing the spectra with the infrared absorption spectra 
of various purple sulfur bacteria given by WaASsSINK ef. al. (16) it 
is of interest to note that such a flat maximum of the bacterio- 
chlorophyll in the infrared part of the spectrum is encountered 
in morphologically very divergent groups of organisms. The ab- 
sorption spectrum of the brown-red spirilla of Group III for instance 
is in this respect entirely comparable with the absorption spectrum 
of Phaeomonas strain 4 (compare WASSINK et al.). 

The most typical difference between the absorption spectra of 
the brown-red spirilla and that of Rhodosp. rubrum is the absence 
of the maximum at 5500 A in the absorption spectra of the brown- 
red spirilla. For the rest some more differences in the position of 
the maxima between the absorption spectra of the brown-red 
spirilla and Rhodosp. rubrum appear at the shorter wave lengths. 
Moreover, one is struck by the phenomenon, that the maximum 
at 7900 A of the bacteriochlorophyll, which manifests itself only 
faintly with Rhodosp. rubrum, is very conspicuous in the absorption 
spectra’ of the brown-red spirilla. 

From the investigation of MANTEN (8) it is evident, that the 
maximum at 5500 A in the absorption spectrum of Rhodosb.: 
rubrum is due to the occurrence of the carotenoid spirilloxanthin 
-(rhodoviolascein); From the absorption spectra of the brown-red 
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spirilla thus the conclusion can be drawn that this carotenoid is 
absent in these organisms. The results of a chromatographical 
analysis of the pigment complex of one of the strains of Group III 
were in perfect agreement with this conclusion. By this chromato- 
graphical analysis next to bacteriochlorophyll the occurrence of 5 
different carotenoids could be established. A detailed report of 
this investigation will be published elsewhere. 


d. Physiological properties of thé) is@lateu 
Sita 1 tres 

For their development the brown-red spirilla are bound to a 
neutral to slightly alkaline reaction of the medium. The influence 
of the temperature has not been investigated in detail, but growth 
of the spirilla was good between 25 and 33° C. 

All isolated strains were strictly anaerobic. Further details about 
the great sensitiveness of these organisms to oxygen have been 
given in the discussion of the isolation of the spirilla. Adaptation 
to oxygen has not been observed. In this respect the brown-red 
spirilla distinguish themselves markedly from Rhodosp. rubrum 
for their growth is strictly dependent on photosynthetical activity, 
whereas Rhodosp. rubrum can also grow in the dark by means of 
a respiration process. 

Gelatin is not liquefied by any of the isolated strains. 


e Biochemical properties of the isolacen 
strains. 

In order to ascertain which organic substances could function 
as a substrate (H-donor) for the development of the spirilla, the 
isolated strains were inoculated in liquid media toZwhich besides 
the usual inorganic nutrients and 0.1 % NaHCO, 1% of certain 
organic substances was added. 

No differences in this respect could be established between the 
three groups of strains. All the strains developed more or less 
satisfactorily with substances such as: acetate, butyrate, malate, 
lactate, citrate, succinate, ethanol and asparagin. With glucose no 
growth could be observed of the strains belonging to group II or 
LILA): 

Thiosulfate nor Na,S were utilized. The isolated brown-red 
spirilla thus belong to the typical Athiorhodaceae. 


fi. [dentification ofthe .asolated strains 


Besides the well-known and frequently investigated Rhodosp. 
fuluum described by vAN NiEv a few other Rhodospirillum-species 
have been recorded in the literature. So Moriscu (11) in his well- 
known monograph on the purple bacteria has described two Rhodo- 
spirillum-species, nam ly Rhodosp. photometricum and Rhodosp. 


') The strains of group I have not been examined in this respect, because 
they had already perished at that time. 
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giganteum, from which only the first species has been studied in 
pure culture 1). 

Both species have been declared by van NIEL to be synonymous 
with Rhodosp. rubrum because in his opinion the morphological 
properties of the species described by Motiscu, in view of the great 
morphological variation of these organisms do not justify a differen- 
tiation from Rhodosp. rubrum. However, in my opinion this cannot 
be accepted without further argumentation as Moriscu explicitly 
mentions that he possessed an authentic culture of Rhodosp. 
rubrum, and that it thus should be accepted, that Moxiscu for 
good reasons considered Rhodosp. rubrum and Rhodosp. photo- 
metricum to be different™species. Though in fact Rhodosp. rubrum 
shows a great morphological variation, it is still an exception that 
the individual cells attain a thickness of more than 1 w (thickness 
of the cells generally 0.7 wu), whereas for Rhodosp. photometricum 
the thickness of the cells is stated by MoLiscH as 1.4 mu. 

In this respect it is also important to mention that VAN NIEL’s 
own comment on the spectroscopic investigation_of MOLISCH was, 
that Moriscu has actually investigated spirilla with a pigment 
complex different from that of Rhodosp. rubrum! It seems very 
probable that Rhodosp. rubrum and Rhodosp. photometricum are two 
different organisms. 

Another question is whether it.is’justified to maintain a separate 
species Rhodosp. giganteum apart from Rhodosp. photometricum. 
Mo iscu has described the species Rhodosp. giganteum on account 
of the dimensions of this organism in an enrichment culture. A 
pure culture of the spirillum was not obtained. The differentiation 
in dimensions between LFhodosp. giganteum and Rhodosp. photo- 
metricum, however, is only slight, and might entirely be attributed 
to morphological variation. I too have several times observed, in 
enrichment cultures, a luxurious development of brown-red spirilla 
having a somewhat more slender appearance than the spirilla 
belonging to group III generally show in a crude culture. Never- 
theless on isolation it always turned out that the developing colonies 
only consisted of spirilla representing the normal type of group III, 
so that the primarily observed differences may well be due to 
morphological variation. This may explain why Motiscu could 
not secure pure cultures of Rhodosp. giganteum. In my opinion 
therefore, Rhodosp. giganteum should be considered as synonymous 
with Rhodosp. photometricum. 

Next to ae aes mentioned species Hama (5, 6) has described 
Rhodosp. longum and Rhodosp. gracile, though both only on the 
basis of the shape of the cells in crude cultures. These species with 
regard to their morphological properties take a somewhat inter- 


1) NaKamuRa (13) in a publication has claimed the isolation of Rhodosp. 
giganteum, However, Nakamura’s data on the morphological properties of 
the isolated spirillum are entirely inadequate for this conclusion, As the 
spirillum isolated by Nakamura could utilize Na,S and thiosulfate as only 
H-donor, it belongs to the Thiorhodaceae. 
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mediate position between Rhodosp. rubrum and Rhodosp. photo- 
metricum. Since further data about the properties of these species 
are lacking, the available data on the morphological properties, in 
view of the great morphological variability, do not justify a differen- 
tiation of these species from Rhodosp. rubrum resp. Rhodosp. photo- 
metricum. In accordance with vAN NIEL who considers both"species 
as synonymous with Rhodosp. rubrum, in my opinion the species 
described by Hama cannot be maintained as separate species. 

After this critical review of the Rhodospirillum-species recorded 
in the literature, it remained to ascertain whether the strains 
isolated by me could be identified with already described species. 

Group I. The fact that the dimensions of the cells of both strains 
isolated by me are identical with those of Rhodosp. fuluum has 
removed any doubt for me that both these strains can be identified 
with Rhodosp. fuluum van Niel. 

Group II. With regard to the dimensions of the cells, the strains 
belonging to group II show a rather close agreement to Rhodosp. 
rubrum, but they differ from these species by the nature of their 
pigments and by their different behaviour towards oxygen. Ob- 
viously here we are dealing with a new, not yet described species. 
With regard to the fact that MoLiscu was the first to observe 
brown-red spirilla (see later), the name of Rhodospirillum Moli- 
schianum is proposed for the organism. 

For the sake of completeness the diagnosis of Rhodospirillum 
Molischianum nov. spec. is given here: 

Moderately large, very motile, spiral shaped cells. Length of the 
cells 5—10 w, thickness of the cells 0.7—0.9 uw. Cells mostly with 
1—2 complete turns. Length of the turn 4—6 uw, width of the turn 
1.3—2 w. As reserve substance volutin is found. Obligately photo- 
heterotrophic. As substrate various organic substances, such as 
acetate, butyrate, malate, lactate, citrate, succinate, ethanol, 
asparagin can be utilized. Glucose and glycerol are not utilized, 
no more than Na,S and thiosulfate. Gelatin is not liquefied. Colour 
of the cells brown-red. Besides bacteriochlorophyll various caro- 
tenoids are found as pigments, but not spirilloxanthin. 

Group III. The spirilla belonging to this group are particularly 
characterized by the stoutness of their cells, the dimension”of which 
are on the whole in good agreement with those given by MoLiscu 
for Rhodosp.’ photometricum. The photographs of this organism made 
by Motiscu on the whole are in good agreement with the appearance 
of the strains isolated by me. 

It is also important to observe that both Moriscu and I succes- 
fully used the same enrichment medium, namely hay-infusion. It 
is highly probable, that MoLiscu in doing so has regularly obtained 
cultures of brown-red spirilla. In accordance with this MoLIscu 
writes about the enrichment cultures of Rhodosp. giganteum, that 
,das Wasser bis hinauf rotbraun gefarbt erscheint’”. VAN NIEL 
also gives his opinion that in view of the spectroscopic investigations 
of MoLiscuH on the pigments of Rhodospirillum-species one must 
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conclude that Moriscu has investigated spirilla with a brown-red 
pigment complex. 

On the basis of the preceding considerations I conclude that it 
is justified to identify the strains belonging to group III with 
Rhodospirillum photometricum. 

The following diagnosis of Rhodospirillum photometricum Molisch 
can be given: 

Large, stout, very motile spiral shaped cells. Length of the cells 
14—30 uw, thickness of the cells 1.2—1.5 w. Cells mostly with 1—2 
complete turns. Length of the turn 7—9.5 mw, width of the turns 
4—6 uw. Volutin is found as reserve substance. Obligately photo- 
heterotrophic. As substratevarious organic substances such as 
acetate, butyrate, malate, lactate, citrate, succinate, ethanol, 
asparagin can be utilized. Not utilized are glucose and glycerol, no 
more than Na,S and thiosulfate. Gelatin is not liquefied. Colour 
of the cells brown-red. Besides bacteriochlorophyll various caro- 
tenoids occur as pigments, but not spirilloxanthin. 


Summary. 


From ditch- and canalwater 21 strains of brown-red, photo- 
synthetically active spirilla were isolated. These spirilla dis- 
tinguished themselves from Rhodospirillum rubrum by the com- 
position of their pigment complex and by their behaviour towards 
oxygen (strictly anaerobic). The strains, judged by morphological 
characteristics, represented three different species. Two of the 
species could be identified with Rhodospirillum fuluum van Niel 
resp. Rhodospirillum photometricum Molisch. The third species was 
found to be a new one, for which the name Rhodospirillum Moli- 
schianum was proposed. 

Regarding the isolation, culture, morphological and _physio- 
logical characteristics of these organisms detailed data were given. 
Various organic substances can function as H-donors for these 
spirilla. The absorption spectra of living cells of the three species 
show a striking’ conformity, but there is a distinct difference 
between the absorption spectra of the brown-red Rhodospirillum- 
species and the absorption spectrum of Rhodospirillum rubrum. 
The’results of a chromatographical analysis of the pigment complex 
of one of the strains of Rhodospirillum photometricum make it 
probable that this difference is due to the_absence of the carotenoid 
spirilloxanthin in the brown-red spirilla. 
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VIRUS INFECTION OF THE BONE-MARROW 
by 


J. D. VERLINDE 
(Received June 21, 1947). 


It is a subject of discussion whether a fundamental difference 
has to be made between microorganisms and viruses, but if it is 
deemed desirable to do so the classification of some pathogenic 
agents will give difficulties. There are transition-forms between 
bacteria and viruses which might be classed in the one group as 
well as in the other. Examples ate the pleuropneumonia-like organ- 
isms, the rickettsiae and the viruses vf the psittacosis-lympho- 
granuloma venereum group. 

A virus belonging to this range was isolated from two patients 
admitted in the University hospital, department of children’s 
diseases (Head: Prof. Dr E. GorTER). 

I. A boy aged 13, shows attacks of fever during the last five 
years, at first with intervals of some months, later of 5 to 6 
weeks. During the attacks the spleen and the liver are enlarged. 
Finally a considerable enlargement of the spleen is also observed 
in the intervals. 

II. A girl, aged 3, is suffering from attacks of fever every two 
weeks for more than two years. The spleen and the liver are 
palpable all the time but they are enlarged more strongly during 
an attack of fever. Then the lymph-glands too are swollen. 

Before the admission there never had been any contact between 

the children, they lived in quite different parts of the country. 

The bacteriological routine examination, 17.e., aerobic and 
anaerobic cultures of blood and bone-marrow on blood agar plates, 
N.N.N.-agar and Sabouraud-agar was repeatedly negative. Once 
a mould was cultivated from the bone-marrow (sternal puncture) 
but it appeared to be a saprophyte in all probability originating 
from the skin. Agglutination reactions of the patients serum with 
typhoid and paratyphoid bacilli, Brucella abortus Bang and Lepto- 
spirae, the Weil-Felix (with Proteus X 19 en X Kingsbury), Paul- 
Bunnell and Bordet-Wassermann reactions were negative. In 
smears of the bone-marrow during an attack of fever, elementary 
body-like corpuscles were repeatedly found. The spherical bodies 
were stained well by the Giemsa and the Castaneda method and 
were indistinct, but anyhow Gram-negative, after the Gram- 
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staining. They were found in the monocytes and partly extra- 
cellularly. Many of them were arranged in pairs. It was a remark- 
able fact that the corpuscles were not of the same size. Some of 
them were very small, like Paschen bodies, others were twice as 
large as the former. 

In the periods free from fever only a very small number of 
uniformly sized, small corpuscles could with difficulty be detected 
in some monocytes. 

We never succeeded in demonstrating the corpuscles in the peri- 
pheral blood, though it may be virulent as was proved by the 
experimental investigation. 

Inoculation experiments have been carried out with 20 percent 
suspensions of bone-marrow in equal parts of saline ‘and meat 
broth and with blood (defibrinated or mixed with liquoid ,,Roche’’) 
both taken during two different attacks of fever and in two inter- 
vals. Mice and guinea-pigs were inoculated intraperitoneally with 
0.5, respectively 2 ml]. Some of them died and others were killed at 
various times after the inoculation. The animals were autopsied under 
aseptic precautions and a bacteriological control of the peritoneal 
exudate and the spleen was made by inoculating them in glucose 
broth and on blood agar. Smears from the peritoneal exudate and 
occasionally from the spleen and the bone-marrow were stained 
by the Giemsa and the Castaneda method. 

During two different attacks of fever, 10 mice and 2 guinea-pigs 
were inoculated with bone-marrow, 17 mice and 2 guinea-pigs were 
inoculated with blood from both patients. In the first group 6 and 
in the second group 5 of the mice died after 4 to 19 days. Thus the 
infection was lethal for 40 per cent of the mice in an average time 
of ten days. The other animals were killed after 10 to 14 days. 

Nearly all mice, except those inoculated with blood. from patient 
I, showed at autopsy a more or less obvious enlargement of the 
spleen and occasionally a slight deposal of fibrin on the spleen 
and the liver. In the peritoneal smears the same elementary body- 
like corpuscles as were present in the bone-marrow of the patients 
have been found. In some animals they were found with some 
difficulty in the spleen and the bone-marrow. In some mice killed 
after 10—14 days, the spleen was enlarged and the corpuscles 
were found in the peritoneal fluid, in others the findings were 
negative. 

In this way, the virus could be demonstrated in the bone-marrow 
of both children and in the blood of patient II during two different 
attacks of fever. The experiments with suspensions of swollen 
lymph glands from patient II were negative. In feverless intervals 
the virus could neither be shown by mouse-inoculation nor in the 
bone-marrow or in the blood. This might point to the possibility 
either that the virus during the intervals exists in a less virulent 
form, or that the quantity is too low for infecting mice. 

The guinea pigs killed 14 days after inoculation did not show 
any anomalies and elementary body-like corpuscles have not been 
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found. The cultures of the peritoneal fluid and the spleen of all 
animals remained sterile. 

An attempt has been made to grow the virus in the chick-embryo 
by inoculating 0.1, ml of a bone-marrow suspension and 0.1 ml of 
defibrinated blood in the allantoic cavity and in the yolk sac of 
8—11 days incubated fertile eggs. The bone-marrow has been taken 
from patient I, the blood from patient II, both during an attack 
of fever. The inoculated eggs were placed at 37°C. and opened 
after different periods of time following inoculation. Smears of the 
allantoic membrane, the allantoic fluid and the yolk sac were 
stained by the methods of Giemsa and of Castaneda. A positive 
result has been obtained by inoculation of bone-marrow in the 
allantoic cavity. Both in the allantoic membrane and in the fluid 
the elementary body-like corpuscles have been found after 5 to8 
days incubation. Egg passages could be realized only by means 
of heavy inoculation. Suspensions of allantoic membranes in 
allantoic fluid proved to be virulent for mice after intraperitoneal 
inoculation. From 13 infected mice, 5 died after 3 to 9 days, 8 
were killed after 10 days and in all peritoneal smears the elementary 
body-like corpuscles were found. 

Enlargement of the spleen as a rule occurred 5 to 10 days after 
inoculation. Then the spleen proved to be virulent for mice. Mouse 
passages, however, could with less difficulty be realized with 
peritoneal washings, which may contain a mass of corpuscules. 

Owing to the fact that the corpuscles in the infected mice as well 
as in the bone-marrow of the patients vary in size, the peritoneal 
fluid has been examined systematically. 

Two series of ten mice were inoculated with virulent material, 
the one with an allantoic suspension of the first egg passage with 
bone-marrow from patient I, the other with defibrinated blood 
from patient II, both taken during an attack of fever. 

The first 24 hours after inoculation the petitoneal fluid contained 
a number of extracellular small corpuscles. On the second day they 
had almost entirely disappeared whereas only a small number 
could be detected in some monocytes. On the third day the intra- 
cellular bodies had increased in size and resembled initial bodies. 
Some monocytes contained one or a few bodies, others were either 
teeming with them, or in the cytoplasm a large homogenous 
plaque like a cell-inclusion was formed. 

The initial bodies as well as the inclusion-corpuscles may also 
be found extracellularly. By means of partial decoloration with 
acetone, it could be rendered probable that a cell-inclusion consists 
of a number of elementary bodies. On the fourth to fifth day after 
infection a mass of intra- and extracellular elementary bodies was 
found in the smears. In the following days all stages could be noted. 

These findings may point to a developmental cycle of the virus 
in which the inclusions play an important role, possibly in ac- 
cordance with Von PRowazZEk’s theory. The variety in shape of 
the corpuscles in the bone-marrow depending on the phase of. the 
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disease may concur with a similar cycle in man. During the interval 
the virus occurs intracellularly; the infection is slumbering. When 
the development has proceeded and elementary bodies are getting 
free, fever sets in. In the latent intracellular phase the virus is but 
weakly virulent or not. 

According to the following properties the virus appears to belong 
to the psittacosis-lymphogranuloma venereum group: 

1. The polymorphy, the size and the staining of the corpuscles, 

2. the developmental cycle, 

3. the pathogenicity for mice, which might suggest a psittacosis 
virus of weak virulence. 

By means of the complement fixation reaction no antigenic 
relationship with the virtises of psittacosis and of lymphogranuloma 
venereum could be established. The antigens used were a 5 %, 
suspension of virulent mouse spleen and of allantoic membrane in 
saline. Dr DEKKING kindly provided me with some convalescent 
sera of psittacosis and lymphogranuloma venereum. 

Furthermore we failed to detect agglutinating and complement 
fixing antibodies in patient’s sera taken off during an interval 
free of fever. The antigens used in the complement fixation reaction 
were those mentioned above. The agglutinogen was a suspension 
of elementary bodies obtained from washings of the peritoneal 
cavity of mice 5 days after inoculation and purified by centrifuging 
30 minutes at 3000 r.p.m. and 1 hour at 15000 r.p.m. in the Ecco 
supercentrifuge. 


Summary. 


From the bone-marrow and the blood of two children who were 
suffering from a chronic disease characterized by intermittent 
fever and swelling of the spleen and the liver, a virus pathogenic 
for mice after intraperitoneal inoculation has been isolated. It 
could be cultivated in the chick embryo after inoculation in the 
allantoic cavity. 

In infected mice a developmental cycle has been shown. Ac- 
cording to its properties the virus might be one of the psittacosis- 
lymphogranuloma venereum group, though an antigenic relation- 
ship with the viruses of psittacosis and lymphogranuloma venereum 
could not be established. 


(l’rom the ,,Rijksinstituut voor de Volksgezondheid”’ at Utrecht). 


A PHOTOMETER FOR THE EXTINCTIOMETRIC 
DETERMINATION OF THE DENSITY OF SUS- 
PENSIONS OF MICROORGANISMS WITH MINIMAL 
DEVIATION FROM THE LAW OF BEER-LAMBERT 


by 


H. VAN GENDEREN and R. Th. SCHOLTENS 
(Received September 22, 1947). 


INTRODUCTION. 

Essentially two kinds of photometers are used for the deter- 
mination of the concentration of bacteria in suspensions: nephelo- 
meters and extinctiometers. 

By means of the former the intensity of light, as far as it is 
scattered by the bacteria, is measured. The relation between this 
intensity and the concentration of bacteria is complicated and 
depends in a high degree on the minor features in the construction 
of the nephelometer. 

The application of these instruments in bacteriology is discussed 
by Miratz and RotrieEr (4). 

In extinctiometers, on the other hand, the decrease of the in- 
tensity of transmitted light is measured. The procedure is applied 
as well for the determination of the concentration of coloured 
substances in solutions as for that of the density of bactcrial 
suspensions, 

According to the law of BEER-LAMBER?T for coloured substances 
in a beam of monochromatic light the decrease of the light intensity 
dl in an infinitesimally thin layer d1 is proportional to the concen- 
tration C of the substance and to the intensity of the incident light: 


al 
dl 
After integration we arrive at the well known equation: 


Sa IK ell p= a constant, 


E = log 5? = Kel 
1 


in which J, is the intensity of the incident light (or in actual practice 
the intensity of the light after passing a cuvette with the medium), 
I, the intensity of the transmitted light; K is a constant, c the’ 
concentration of the light absorbing substance and | the thickness 


of the layer. 
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If the factor log J,/I,, the so-called extinction (£), is plotted 
in a diagram against the concentration of the coloured substance 
a straight line will thus be obtained. 

When the coloured solution, however, is changed for a bacterial 
suspension scattering of light will occur and, as the intensity of 
the scattered light is highest in directions with small deviations 
from the’ original beam, an important part of this light will reach 
the fotocell (or the eye in visual instruments) together with the 
undeviated beam. j 

With increasing concentrations of bacteria the intensity of the 
scattered light increases (within certain limits) and that of the 
transmitted light decreases. Evidently instead of a straight line 
in the extinction-concentration diagram a curve below this line 
will be the result. 

The degree of deviation from the law of BEER-LAMBERT depends 
upon the selectivity of the instrument for the transmitted, not 
scattered light. This lack of proportionality between extinction and 
bacterial density of suspensions occurs with most instruments and 
is a serious draw-back in the application of extinctiometry for the 
determination of concentrations of bacteria. 

Calibration curves are in this respect of not much help, for the 
validity of these is restricted to the strain of microorganism used 
and depends upon the culture and the suspension medium }). 

MESTRE (3) constructed an extinctiometer, based on the work of 
DREOSTI, in which an accurate separation of transmitted and 
scattered light was made by focussing the transmitted beam on 
the narrow opening of a screen. Only a negligible part of the 
scattered light passed through this opening. 

The extinctions, determined for a series of dilutions of a suspension 
of bacteria, obeyed the law of BEER-LAMBERT over a large range 
of density. 

It is remarkable, that this construction has found so little 
application. “There are numerous expensive spectrophotometers 
available to-day, which can be made more selective in this way for 
the transmitted light, without appreciably greater cost. 


It is the purpose of this study to give a description of another 
selective extinctiometer, specially designed for the use with micro- 
organisms. 


DESCRIPTION OF THE EXTINCTIOMETER. 

Fig. 1. gives a diagram of the instrument. Either the cuvette C 
or the culture tube T are used as containers for the suspensions 
the density from which has to be determined. For convenience both 
cuvette and tube are given in the diagram. 

_1) In our original imperfect photometer we could not confirm the equation 
E ="aC — f*C* (a and 8 constants typical for the kind of suspended particles) 
postulated by Loncswortu (2) for the extinction-concentration curves of his 
photometer, in which the scattered light was not rigorously excluded. E/C 
plotted against C in our experiments did not yield as a rulea straight line. 


A photometer for the determination of the density of suspensions. 155 


| thts 
| Be 
op +s 
eS) 
a wal EA g 
— ~ (hy 
ws 282 
phase 
| gee 
ss te 
as n 
lietatr ce ox s 
—— | eee Se age Age 
~ ase 
=} << 2 at 
ceclel pS Boe 
2) | SAVE SK 
BSbo8 
fe) 
| ik aoees) 
DD Gey 
oS e2oe 
| 2 6 5 
5S” ov 
4 4 WS 
ee OHOR® 
Sam 
b- igs) me 68S Be 
| eee 
| O0(r ioe =) 
ce eos 
| ODUDgeas 
= | Sat es 
sal] —<——— Sa) Shshis 
' oO Ra ohne res 
| = 1 8 O° 
| Hal an 
| een 
| Sae a & 
OES" 3 
| | a) no} fo) 
od x 
= 8482 
| B bob Gag 
SS) ge 
yl fel 3 
| Say fe 
2s o 
Set ts) 1! 
Gc on 
| | ee 
aw & 
| - Eu 
SS acs 
geo 
| ~ 
« Eu d 
us a a 
| See Basi 
3 ' * oO 
ey ee ee uy | KS |: 3 .3 
Lasiewp= <i , Ane 
| us if 


The sodiumlamp (Na), Philips type 4348 for laboratory purpose 
with additional apparatus (4407) is operated on the 220 V alter- 
native current supply. To compensate for irregularities in the 
voltage two fotocells are used in the well known compensation 
circuit of fig. 2 (For details on compensation circuits see MULLER (5)). 
The fotocells are of the barrier-layer type (photovoltaic cells) and 
were manufactured by Philips *). The position of these cells is so, 

1) From the agreement with the law of BEER-LAMBERT, in experiments 
with India ink suspensions, it can be deduced that a rectilinear relation 
must exist between light intensity and photocurrent in these cells under 
our condition of illumination, 
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that light is obtained from nearly the same spot of the light-source 
with the purpose of diminishing the effect of slight changes in the 
intensity pattern of the lamp. 

The cuvette C is placed in the beam of fotocell F,, the other 
fotocell F, is partly screened off by a spiral shaped diaphragm (D). 
By adjustment of this diaphragm compensation can be attained. 

On the bulb of the sodiumlamp a screen of metal foil (S,) is 
cemented with a vertical 1 x 4 mm opening on the most brilliant 
part, which is directed to the opening of screen S,. Behind screen 
S, are placed the lens L, and the fotocell F,. The light is focussed 
by the lens, after passing the cuvette, 10 mm before the narrow 
opening of screen S, and is again focussed by lens L, on fotocell F,. 
Scattered light from the content of the cuvette will be held back 


0-90 % 


O-10 % 


Fig. 2. Electrical circuit of extinctiometer. 
F, and F,, barrier layer fotocells; R,, resistance of 300 ohm; T, double decade 
potentiometer of 300 ohm total resistance; G, galvanometer (Kipp, type 
M.R., 1 mm deflection at a metre, produced by 1.7—3.1 micro Volts or 
21—13 x 10-® Amperes). 


by screen Sz, except for a negligible part, that will pass the aperture. 
Scattered light from the content of the tube T will be screened 
off partly by screen S, and most of the rest by S,. 

In fig. 3 details of the construction are given. The frame and the 
supports are made of brass. The daylight is shut out by a cover 
made of copper with openings for the spiral diaphragm and for 
the insertion of the cuvette and the tube. 

The handling of the instrument is simple. 15 min. before the 
commencement of the measuring, the lamp must be switched on. 
With the shutter X (fig. 3, not included in the diagram of fig. 1) 
closed, the zero reading of the galvanometer in the complete circuit 
is obtained. After insertion of the cuvette or tube with the blank 
medium and opening ‘of the shutter the spiral diaphragm is adjusted 
to regain zero deflection of the galvanometer with the potentiometer 
on its full value (100 %). Then the blank medium may be changed 
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; 3. Construction diagram of extinctiometer. 
X, shutter, to be moved in and out of the light beam by pulling the button. 


Fig. 


for the suspension and the potentiometer set so as to regain zero 
indication of the galvanometer. 

The reading of the potentiometer then gives the intensity of the 
transmitted light through the suspension in percentage of that light 
going through the blank of the medium. In the equation of BEER- 


LAMBERT the extinction EF = log? becomes thus EF = log - 


in which T means the transmission reading of the potentiometer, 
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Occasionally a slight readjustment of the spiral diaphragm is 
necessary, probably due to a slow change in the position of the 
spot of maximal intensity of the sodium lamp. 


DISCUSSION OF SOME FEATURES OF THE INSTRUMENT. 


1.The use of monochromatic light. 

Mestre has utilised white light in his photometer and gives a 
table in his paper in which complete agreement with the law of 
BEER-LAMBERT is demonstrated for a suspension of B. colt over a 
large range of density. In our first experiments with an apparatus, 
based on the same optical principle with white light and with even 
more highly directional selectivity we could not confirm this result 
for different bacteria, especially not for B. proteus, although correct 
values were obtained with suspensions of baker’s yeast. This 
difference between bacteria and yeast cells is probably due to the 
greater transparency of the bacterial cell. Apart from the ,,lens 
effect’’, which has been discussed in detail by MESTRE and by 
Loncswortu the proportion of absorbed to scattered light will be 
greater with these bacteria than with yeast, and the influence of 
coloured substances in the cells (e.g. cytochromes) on the trans- 
mitted light will also be greater with bacteria. A suspension of 
B.proteus, seen in the direction of the transmitted beam from a 
white lamp is distinctly red. On these grounds it can hardly be 
expected that a suspension of B.proteus will obey the law of BEER- 
LAMBERT, which is only established for monochromatic light. 
Indeed, by the incorporation of light filters in our apparatus the 
results are appreciably improved, but the most positive results 
are gained with the light of a laboratory type sodium lamp. Sodium 
light, moreover, has the advantages to be the standard mono- 
chromatic light for polarimeters and other purposes; to have a 
low extinction in the common culture media of microorganisms, 
such as broth or yeast extract, and to be of rather high intensity. 
About 15 % of the total intensity of these lamps is made up by 
the red and green lines from the sodium and the neon. 


2. Lhe directional selectivity. 


If the white light is replaced by monochromatic yellow light the 
high directional selectivity of the instrument of MESTRE proves to 
be not necessary to obtain results of a satisfactory quality. As the 
design of an instrument of this type is always a compromise between 
selectivity on the one hand and the cost of a more sensitive galvano- 
meter and carefully corrected lenses on the other hand we contented 
ourselves with a less selective construction. 

The screen aperture, essential for the separation of scattered and 
transmitted light in our photometer will let pass light with a 
maximal angular deviation from the original direction of approxi- 
mately 5° vertically and approximately 2° horizontally with the 
restriction, that much of the light having lateral or vertical devi- 
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ations between 0° and those above will also be excluded. This 
selectivity is about three times less than in MEesTRE’s photometer. 
Nevertheless no measurable deviation from the law of BEER- 
LAMBERT could be observed, as will be shown presently, 


web ne use ofseultutre. tubes. 


For the safe handling of pathogenic microorganisms and for 
some kinds of growth experiments the use of culture tubes instead 
of cuvettes was desired. Therefore the photometer is constructed 
for the use of both cuvettes and culture tubes. To make this possible 
the introduction of a second lens was necessary. 

The position of the tube is so, that the lightbeam is focussed in 
the centre of the tube. The refracting effect of the tube is minimal 
in this position and practically no difference is noted between the 
image on the fotocell with or without a tube. For every tube the 
waylength of, the light must be determined, or otherwise tubes, 
selected for uniform diameter must be used. The selectivity of the 
instrument with a tube is somewhat less than with a cuvette. 


Pe lor ng 1s, 

The lightbeam going through the cuvette is convergent. This 
makes the mean waylength of the light in the cuvette about 0.1 % 
longer than the thickness of the hquid layer. This error is negligible, 
being much less than the standard deviation in the determination 
of concentrations. The use of a parallel light-beam would have 
made the photometer much more complicated. 

LonGsworti! studied the effect of orientation of bacterial rods 
due to circulation of the liquid in the cuvette as a consequence of 
heating by the lamp. This may cause errors in the determination 
of the extinction. In our apparatus the heat production by the 
lamp is so low, that never any orientation-effect could be demon- 
strated. ; 

The random error will be discussed together with the results. 


RESULTS. 

Statistical analysis of a series of transmission readings yiclded 

: i sage \ 

a standard deviation | + | al in percent of the total scale-length 
(= 100) of + 0.12 °,. The random errors of the zero reading of 
the galvanometer and of the setting of the spiral diaphragm for 
complete compensation are included therein. The relative error of 
the extinction or of the concentration of bacteria (in the case of 
validity of the law of BEER-LAMBERT) is dependent on the trans- 
mission value, in such a way that in low and high transmissions the 
errors are greater than in intermediate values. The exact value 
can be derived from the equation (HAMILTON (1)): 
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in which a the percentage deviation of the extinction; ri 
is the relative deviation of the concentration of bacteria in percent 


13) 


and 100 3S the percentage deviation of the transmission. 
43.43 nee . 
The factor Sa <5 for transmission values between 10 % 
and 75 %. The standard deviation for the corresponding extinction 
Table 1. 
Experiments with a 1 cm cuvette. 
Mean “Extinction! ee 
Dilution Transmission readings . .,.). | « dilution ; 
' extinction | ‘ undiluted 
| | factor ; 
sample 
India Ink | | | 
Ua 15.9 % — 15.9 % | 0.7986 | 0.7986 0.059%, 
2x 40.0 0°? — 40.0 ° | 0.3979 0.7958 — 0.4 %% 
5 x 69.4% — 69.4 8 | 0.1593 0.7965 — 0.3% 
10 x 83.3 % — 83.39 | 0.0794 0.7940 — 0.6 % 
20 x 91.2% — 91.3% 0.0398 0.7960 — 0.3% 
Bacterium proteus 
Lips 11.44 —12.3.9% 0.945 0.945 0.0 &% 
PH 33.8 % — 33.7 % 0.472 0.944 — 0.1 % 
5 x 64.8 % — 64.7 % 0.189 0.945 0.0% 
10 x 80.2% — 80.3 &% 0.0956 0.956 + 1.2% 
20 x 89.6 % — 89.6 % 0.0479 0.958 + 1.4 ° 
Staphylocccus aureus 
ie 15.5 °% — 15.5 % 0.8097 O.8079 0.0 9% 
dee 34.9 9 — 34.9 % 0.3990 0.7980 USS 
De 69.1 &, — 69.1% 0.1605 0.8025 oe WTIOS 
Wx | HB 8 me BS 0.0890 0.8090 Pe Ut oe 
i a 01.3%, 015%. 0.0395 0.7900 Fe Ee 
Table 2. 
IEexperiments with culture tubes. 
xen | Nona - | extinction] pepe 
Dilution ‘Transmission readings = | dilution! bb 
,extinetion oh undiluted 
| factor ; 
sample 
| Bacterium proteus 
Le) 19.5 % 0.710 0.710 0.0% 
raat Dk H 94 (287 0.718 eda’ 
syn Pee 11 Ss 0.145 0.725 ee A 
10 > R47 9%, 0.0721 0.721 41.5%, 
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range of 1—0.123 or concentration range of about 8—1 will be 
Eieteiore = =O. 125k 5 = =< + 0.6 %, 

For readings between T = 3 % and T = 98 & the standard 
deviation in the extremes of the corresponding extinction range of 
1.52—0.05 or concentration range of about 30—1 is < + 0.12 10 
sect 1.2 %. 

For T = 1 %—95 % the concentration range is about 100—1 
and the standard deviation approximately 2.4 %. 

Experimental extinctions and calculated concentrations of some . 
suspensions are given in table 1 for cuvettes and in table 2 for culture 
tubes as containers. The India ink and the suspensions of washed 
bacteria were diluted with distilled water as given in the first 
column. The percentage differences from the undiluted sample 
(last column) indicate the composition of the error of estimation 
and the deviation from the law of BEER-LAMBERT. In the case of 
India ink these differences do not exceed expectation regarding 
the error of estimation alone. With the suspensions of bacteria the 
errors are somewhat greater. This can not be due to a specific 
deviation from the law of BEER-LAMBERT, caused by the influence 
of scattered light on the measurement, because the differences are 
not in one direction. Probably irregularities in the suspensions of 
the bacteria themselves are the cause of it. MESTRE, for this reason, 
stabilized his suspensions of bacteria with HCN to obtain highest 
precision. His errors however are of the same magnitude. 


Summary. 


The theory and construction of a photometer for the extinctio- 
metric determination of the density of suspensions of bacteria are 
given. The application of the principle of directional selectivity and 
the use of sodium. light leads to a satisfactory accuracy in the 
determination of the density of suspensions of bacteria. The results 
are in conformity with the law of BEER-LAMBERT. The advantages 
of the proposed method are discussed. 


Our thanks are due to Mr. K. L. van Lier for his assistance in the use of 
the instrument. 
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(From the O.L. Vr. Gasthuis, the City Health Laboratories at Amsterdam 
and the State Public Health Laboratories at Utrecht). 


A CASE OF ACUTE GASTRO-ENTERITIS CAUSED 
BY S. MANHATTAN 


by 


A. CLARENBURG, P. C. DROES and A. CHARLOTTE RUYS 
(Received July 30, 1947). 


On November 17, 1946 a 52-year old man fell ill with headache, 
chills and a severe watery diarrhoea. In the beginning the patient 
vomited several times. The faeces were brownish without blood. 
On the 21th he was hospitalized. He was a little dull and did not 
vomit any more. The tongue was dry and coated with a yellowish 
cover. Heart and lungs showed no abnormalities. Liver and spleen 
were not enlarged. Peristaltic was normal but there was a definite 
meteorism. The first day of admission he passed 5 times watery 
green stools. His temperature varied between 39° and 37°C. The 
urine contained a trace of albumen, the reduction was negative. 
There was a trace of ,urobilin. In the sediment some leucocytes 
and a few erythrocytes were seen. Blood counts gave 3.900.CCO 
erythrocytes, 9C0 leucocytes. The differential count gave 26% 
segmented neutrophil polymorphonuclears, 56% stab-cells, 10% 
lymphocytes, 8% monocytes. The haemoglobin content was 90%. 
The sedimentation rate 34/64. The urea content was 404 mg/%, 
the salt content of the plasma 369 mg/%. 

So the patient showed the picture of an acute gastro-entero- 
colitis, with uremia owing to lack of salt. 

The next days as a result of an intravenous drip of water with 
glucose and salt the blood urea decreased, the salt content increased 
rapidly. The diarrhoea subsided and on 25th the stools were normal. 

On 22nd the agglutination with typhoid H and O, paratyphoid 
A and B, Br. abortus and Proteus X 19 were negative but out of 
the bloodclot a Salmonella strain was isolated, which later proved 
to be S. manhattan. 

After the patient had recovered the agglutination titer became 
positive and rose considerably, especially against typhoid H 
suspension which has an antigen in common with S. manhattan. 
The agglutinations on various dates were as follows: 
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Except the first time the bloodclot never gave a positive culture. 
On 14.12.46 also from the faeces a strain of the same Salmonella 
was isolated. On 13.1 and 21.1.47 the cultures from the faeces 
were negative. 

After the preliminary determination of the strain from the blood 
and faeces of the patient as a member of the C group, the exact 
diagnosis of S. manhattan was made in the Salmonella centre at 
Utrecht, which was confirmed later by Dr KAuFFMANN from 
Copenhagen. 

As to the origin of the infection in our patient no source could 
be found. The patient was the,only member of the family who 
fell ill. He worked in a milk-pasteurisation plant and his faeces 
had been controlled 4 to 5 months previously with negative 
results. One and two days before the onset of the disease he had 
eaten salt herring and smoked sprat. Dried eggs which might 
carry Salmonella from other countries were not eaten since the 
first days after the liberation because he did not like them. So 
there is no indication whatever as to the source of the infection. 


DichicEainelaneaet, Ou. 


The organisms were motile rods, which possessed the usual 
morphological, tinctorial and biochemical attributes of the Sal- 
monella group. Glucose, maltose, arabinose, rhamnose, trehalose, 
xylose, galactose, fructose, mannitol and dulcitol were fermented 
within 24 hours, inositol after 2 days. Lactose, saccharose, adonitol, 
inuline, raffinose and dextrine were not attacked. H,S was pro- 
duced but indol was not formed nor was gelatin liquefied. 

Slide agglutination reactions were effected with the polyvalent 
Salmonella scra and with the Vi-serum from the International 
Salmonella Centre. Positive reactions were shown by the poly- 
valent OB- and the polyvalent HA-serum. 

The cultures were agglutinated to the titre by the S. newport 
O serum (VI, VIII) and in absorption tests they removed all 
agglutinins from this serum. Consequently the strains contained 
the somatic antigens VI, VIII. 

In the slide agglutination test with the different H-sera of the 
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C group positive reactions were only seen with the antiserum 
prepared from S. typhi (rough). So the strains contained the 
H-antigen d. 

According to the KAUFFMANN-WHITE scheme (1940) there are 
3 types in the C group (S. miinchen, S. oregon and S. manhattan) 
with the same O- and specific H-antigens, but different non- 
specific H-antigens (resp. 1, 2....—l, 2,3....and1,5....). 

The cultures were examined by the swarm method according 
to GARD and proved to be diphasic. The non-specific phase (phase 2) 
was agglutinated as well by 1,2....—1,2,3....asby1,5.... 
serum. When tested with absorbed single factor serums?*) this 
phase showed a floccular agglutination only with serum for factor 5 
(a granular reaction was seen with serum for, factor 3, caused by 
the presence of homologous O-agglutinins in this serum). 

The antigenic formula of both examined strains were in con- 
formity with that of S. manhattan (VI, VIII d-1,5....). 


Literature, 


EDWARDS and BRUNNER (1) isolated in 1940 from a chicken 
a new Salmonella-type, which was called S. manhattan. The anti- 
genic formula found by them (VI, VIII d-1,5....) was confirmed 
by KAUFFMANN (2, p. 246). This strain was also found in a turkey 
(1) and a lizard (MCNEIL and HINSsHAW (3)). 

SELIGMANN, SAPHRA and WASSERMANN (4) mention in their 
survey on salmonellosis in the U.S.A. (1939-1945) among 1107 
cases of Salmonella infections, 7 caused by S. manhattan, all single 
cases. Out of these three were found in healthy carriers, three had 
predominent gastro-enteritis, one suffered from a septichaemia 
and one died. 


References. 


1, P. R. Epwarps and D. W. Brunner, Amer. J. of Hygiene 34, 121, 1941. - 

2. F. KaurrMann, Die Bakteriologie der Salmonella~-Gruppe. Kopenhagen 

1941. — 3. E, McNett and W. R. HinsHaw, Amer. J. of Vet. Research 7, 62, 

aoetea 4. E, SELIGMANN, I. SAPHRA and M, WassERMANN, J. of Immunology 
, 69, 1946. 


') These secrums were prepared according to the prescriptions given by 
IKAUFFMANN (2, p. 141). 


(From the Laboratory of the State Serum Institute, Rotterdam). 


THE SEALING UNDER VACUUM IN AMPOULES 
OF FREEZE DRIED SUSPENSIONS OF BACTERIA 
AND VIRUSES 


by 


0. BOSGRA 
(Received July 10, 1947). 


The drying of cultures of bacteria while in the frozen state is 
a mode of preservation which since many years has been in use 
(3, 7). During the drying a definite percentage of the germs dies 
off, but those which survive possess a fairly unlimited term of. life, 
provided they are stored under favorable conditions. A great 
advantage of this method is that the virulence, the immunological, 
biological and antigenic characteristics of the cultures are main- 
tained, whereas no dissociation or mutation occurs (1, 9, 5, 11). 

A virus also, when dried in the same way, can maintain its 
characteristics. The storing of the dried cultures has to be carried 
out in the absence of oxygen, thus after expelling the air. The air 
may be substituted by a non-oxydative gas such as hydrogen, 
nitrogen or carbon dioxide. It appears, however, from the literature 
thatjall those gases do not come up to a well set-up vacuum, so 
that_the latter method is greatly to be preferred (5, 10). Also for 
other more practical reasons, vacuum is to be preferred to a gas 
filling. First of all it is not easy to administrate a filling with gas 
whilst any penetration of air in vial or bottle is being prevented, 
but the prime difficulty is, that the checking whether a gas filling 
is, or is not actually mixed with some air, cannot be carried out 
by simple means. A further drawback is, that only by laborious 
means it is possible to check, whether the sealing of the vials has 
actually prevented any leakage. 

When the vials or bottles are sealed in vacuum, a thorough check 
on the heighth of the vacuum as well as on the presence of any 
leakage through very small fissures can easily be carried out by 
means of a high frequency test apparatus for vacuum, so that less 
satisfactory graded specimens may be discarded at once. 

This principle of freeze drying and storing in vacuo is not only 
of high significance for the preservation of strains of bacteria and 
of viruses, but may be of great importance for the preparation of 
viable vaccines such as are used in veterinary therapy. Already 
during quite a long period research work has been carried out in 
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the State Serum Institute in order to arrive at the production of 
viable vaccine in dried condition. This is only possible when these 
products are delivered in vials void of air. 

The application of stoppers and protecting capsules on bottles 
could be done by means of an automatically operating capsulating 
machine which applies the stoppers and aluminium capsules 
to the matter in vacuo under high pressure (12). A drawback 
of the use of rubber, however, is that this material is not wholly 
impermeable for air and water vapour (2). A sealing by means of 
rubber or eventually neoprene thus can induce a limited durability 
of the material which correspondingly will depend on the moisture 
content and temperature of the surrounding air and on the quantity 
of the mostly very hygroscopic biological matter which is contained 
in the bottle. A vial, however, sealed in vacuum meets satisfactorily 
all that should be demanded. 

Mostly vials made of pyrex glass are used for this purpose, or 
ordinary glass vials provided with a tube of pyrex glass fused unto 
them. This method serves excellently, when merely the preservation 
of a relatively small number of laboratory strains is concerned; it is 
then fairly simple to seal such vials under vacuum. When, however, 
a yearly production of ten thousands of ampoules is concerned, 
this method is very costly. Moreover these vials of pyrex glass 
have to be derived from foreign countries which means transit 
of foreign currency. All this results in the fact that the production 
of dried vaccine for animals can only be taken up succesfully when 
normal vials of ordinary glass can be used. 

Moreover the possession of a sufficiently wide neck must be 
demanded of such vials. Research carried out to a great extent at 
the State Serum Institute, with the majority of viable vaccines, 
demands them to be freeze dried in the vial. This drying has to 
take place sufficiently rapidly, which demands for, sufficient width 
of the neck. The sealing by heating of a vial of ordinary glass with 
a wide neck under vacuum entails, however, great difficulties. 
When no special precautions have been taken, the vacuum of 
merely half the number of the ampoules appears to be valid, whilst 
the sealed neck is very vulnerable. Before the expelling of the air, 
the neck may have been drawn out into a capillary, but even then 
the percentage of failures is far too high, whilst this sealed capillary 
is also very vulnerable. The thickness of the wall of a drawn-out 
neck is too narrow when compared with the width of its core. 

This mode of sealing makes the proceeding very uneconomical. 
Thus experiments were carfied out on a large scale in order to 
arrive at a manipulation of the vials in a manner, which would 
exclude failures, while rendering the sealed neck very strong. 

A description may follow here of the means which will lead to 
such results. 

As a source of heat use has been made of an interrupted ring, 
burner (Fig. 1) with an inner diameter of 3.2 cm, which at its inner 
side gives rise to four small flames which in the centre of the ring 
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burner meet at an angle of 90°. In order to render these flames 
firm enough, use is made of an air compressor, so that blowpipe 
flames arise. The supply of the gas and the pressure of the air may 
be regulated like in the case of a normal single blowpipe flame. 
This flame is used in order to make the neck of the ampoule contract 
circularly. Vials are used of easily melting normal Thuringia glass 
tubing with an outer diameter of 1.4 cm and a wall thickness of 
0.9 mm '). By this manipulation the core of the neck is strongly 
narrowed, whereas the wall turns markedly thicker. For this 
manipulation a roundabout perfectly even heating of the neck is 
necessary. Would this not be the case then during the cooling down 
small fissures might easily occur owing to the strain occurring in 
the glass. Moreover the thickening of the wall on the lesser heated 


Figaal: 


side would be less than on the other side and the narrowed neck 
would no longer be situated in the axis of the ampoule. 
The use of the ring burner will prevent this. A slight half rotating 
movement of the ampoule during the circular contraction will 
promote still further an even heating. A great advantage of the use 
of the ring burner is now that a slight half rotating movement of 
the ampoule suffices, whilst when a single flame is used a total 
rotation of the ampoule is necessary. This total rotating will now 
and then involve a removal between the fingers, which, when the 
neck is hot, demands for great dexterity. When the part of the 
neck which has been heated, has nearly sufficiently contracted 
circularly, the vial is moved somewhat in the length of the vial 
in respect to the flame in order to get a larger part of the neck to 
contract and this in a direction that now the flame is situated 


1) Vials manufactured out of tubing with either greater or smaller thick- 
ness of the wall may be treated in quite the same way, 
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nearer to the open end of the vial. When this is done at the right 
moment, the wall of the neck will contract simultaneously over its 
whole length. Then by means of a pedal switch, the compressor 1s 
switched off and the heated neck of the vial is removed out of 
the now weakly burning flames and whilst continuously. rotated 
is drawn out somewhat. This drawing out succeeds best, when the 
glass having grown ,,nearly”’ solid a slight pull is exerted. Moreover 
by these means the neck may be drawn straight, in case it might 
have got somewhat bended. The outer diameter of the neck will 
have decreased then from 7 mm down to 2 mm, whilst the inner 
diameter will be about 0.5 mm. The length of the treated part of 
the neck will be about 12 mm. 

After this treatment which actually takes but a few seconds 
the vial is fit for sealing. For this, after the air has been expelled 


Fig. 2. 


from the vial, the neck is brought once more into the ring burner 
and slightly moved up and down. A rotating of the vial is quite 
superfluous. Without exerting any pull the funnelshaped end of 
the vial is removed whilst the vial is kept on the same level in the 
flame, now continuously rotating the ampoule in order to shorten 
the top somewhat and render it firmer. As a rule this will through 
its weight have deviated from the axis of the vial, and when brought 
in a suitable position it will be made to straighten by gravity. After 
this treatment the vial is quite finished. 

In stead of removing merely the funnelshaped part of the vial 
out of the flame, the vial might as well be removed by some pull. 
By subsequently bringing the top of the vial again in the flame 
this might be rendered somewhat shorter and firmer. This treatment, 
however, results in the occurrence of very fine fissures in the tops 
of about 20 % of the vials and spoiling the vacuum within 24 hours. 

After some training it is possible to seal by heating without 
failures cheap vials of ordinary glass under vacuum (Cf. fig. 2) 


. 
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A description is given of a method for the failure-free sealing 
by heat of vials of ordinary glass with a wide neck under vacuum, 
in which viable vaccine has been freeze dried. 
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ABSTRACTS 


A. TASMAN, Over het verband tusschen eiwitvoeding en immuun- 
‘reacties. (On the relationship of protein nutrition to serological 
reactions). Chem. Weekblad 42, 349, 1946. 


Some important English and American researches on the rela- 
tionship of adequate protein nutrition to the different serological 
reactions, are reviewed. Antibodies form part of a certain protein 
fraction in the serum, viz. the y-globulin. This y-globulin must be 
produced regularly. Part of the therefore necessary amino acids 
can be synthesized by the organism itself, but some have to be 
taken up with the food. Adequate protein nutrition thus certainly 
must contain these amino acids. CANNON and co-workers investi- 
gated several proteins as to their food value. They ascertained 
whether in rats subjected for a considerable time to diets deficient 
in proteins, the serum protein content and weight increased by 
nourishing with certain proteins. Also was shown that by feeding 
a low protein diet the resistance against infection diminished and 
recovered after sufficient feeding, whereby also the antibody 
formation was stimulated. Pew. B. 


K. C. WINKLER, Nieuwe theorieén over de vorming van anti- 
lichamen. (New theories about the formation of antibodies). Chem. 
Weekblad 43, 482, 1947. 


The article gives a condensed outline on the subject of antigens 
and antibodies with reference to the literature mainly of the last 
ten years, 

Discussed are: the specificity of antigen and hapten, the preci- 
pitation reaction, the most important properties of the antibodies 
and theories about the formation of antibodies. Somewhat more 
amply discussed are the theory of PAvLinG and his method of 
preparing antibodies in vitro, which is criticized. Fy Were 


A. J. Keeyver, Enige belangwekkende uitkomsten, verkregen 
bi) de toepassing van isotopen in het stofwisselingsonderzoek. 
(Some important results obtained by using isotopes in metabolic 
researches). Chem. Weekblad 43, 164 and 180, 1947. } 


A review is offered of results, obtained chiefly in America during 
the vears of the war. [t is confined to researches by means of 
( and N isotopes, it being these which have radically changed our 
conception of metabolic processes. By means of C isotopes chiefly 
the role of carbon dioxide in the metabolism has been investigated. 
As chief result it appears that grcen plants, also in darkness, are 
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capable to assimilate carbon dioxide. Heterotrophic, colourless 
microorganisms are, contrary to the classic view, capable to involve 
carbon dioxide from their surroundings in their metabolism. The 
same keeps true for the animal metabolism. The chemical reactions 
dealing with the fixing of carbon dioxide are amply discussed. As 
for N, the investigations concerning the N-metabolism in the animal 
organism are most interesting. It appears that the N, taken up 
as separate amino acids, is very quickly distributed among the 
various tissue proteins. All the experiments evidence that in the 
metabolism of the cell quite a complex of equilibrium reaction 
occur in which also the components of the cell itself are continually 
involved. BW 3: 


A. TasMAN en L. SmituH, De bepaling van kleine hoeveelheden 
ijzer in bacteriologische voedingsmedia. (Estimation of small 
quantities ot iron in bacteriological culture media). Chem. Week- 
blad 43, 248, 1947. 


Small quantities of iron in the culture medium greatly affect 
the production of diphtheria toxin. The method here described for 
the estimation of iron is a modification of the method of Hirr in 
as much that disturbance by phosphates etc. is avoided. The method 
consists in producing, after ashing, a complex compound of the 
iron and a-a’-dipyridyl, which is estimated by means of an electrical 
colorimeter. PaWoB; 


H. L. Booy, Aan de grens van het leven. Een inleiding tot 
het virusprobleem (On the border of life. An introduction to the 
virusproblem). Stenfert Kroese, Leiden, 1947. 


A survey of our knowledge on the virusproblem is given by the 
author in an exceptionally thorough manner, which makes reporter 
regret that the book is written in a language, unintelligible to 
most of the scientists who should read it. That it was written in 
the last period of the war, when hunger, razzias, shortage of gas 
and coal and other troubles of the German occupation of Holland 
made all experimental work impossible to the author, adds to 
our admiration of his fortitude and perseverence and of his broad 
and sound knowledge of the subject treated. 

The book is composed of two parts, one giving the practical 
aspect, the other going into theoretical considerations. Particularly 
attractive is the manner in which in the second part the subject 
is treated alternatively from the standpoint of the biologist, the 
chemist, the biochemist, at the end of which the author gives the 
synthesis of these opinions and his own view on this complicated 
subject. In the matter of the virus being alive or dead he joins 
the often given opinion that, the virus belonging to the region 
between living organisms and chemical molecules, the question 
living or dead is in a way senseless and does not disturb the bio- 
chemist, who is the explorer of this region. But this scientist is 
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able to observe a difference in the level of life between viruses, the 
vaccinia virus being on a higher level than the virus of tobacco 
mosaic. The relation between viruses, genes and enzymes is dis- 
cussed at length and therefrom a conception of the biosynthesis 
and the nature of- viruses is derived, that offers many new view- 
points, the cancer problem included. 

Professor KLUyVER (Delft) wrote a very appreciative intro- 
ductory note to this volume, to which we may add our hearty 
congratulations to the author and the recommendation of the early 
issue of a translated edition. t sahe 


